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YES, the total has changed . . . Browline” frames 
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thanks to their still increasing preference. 


The reasons for preferring Browlines have not 
changed—their advantages in patient approval 
of their styling and comfort . . . ease in fitting 

. interchangeability . . . readily available 
styles, colors and sizes—in depth . . . dependable 
quality .. . plus the fact they’re ‘SHURON..’ 
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We appreciate your preference . . . a preference 


that makes Shuron the world’s largest 
organization devoted exclusively to serving 
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Geneva, N.Y. 
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THE MAJOR SYNOPTOPHORE 
Entirely Major Amblyoscope 


It is with great pleasure that we announce the introduction of an 
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MANY IMPROVEMENTS SUCH AS GREATER RANGE OF CHINREST HEIGHT, |.P.D. 
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MEASUREMENTS, LARGE RREATHSHIELD, SILENCE OF MOVEMENT, ETC. 
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ment of eye infections 
More than a decade of use confirms these advantages 
of Sodium SULAMyp in the treatment and prophylaxis 


* Rapid absorption—excellent penetration of ocular 
tissues. 
* Promptly effective against all common eye pathogens — 


both gram positive and gram negative. 
* Minimizes incidence of infection after ocular trauma. 


* Little tendency to bacterial resistance. 
* Nonirritating to eye—virtual absence of sensitivity 


reactions. 

4 * Repeatedly endorsed for industrial eye practice.’ 

THREE FORMS FOR YOUR CONVENIENCE; 
Sodium SULAMYD Ophthalmic Solution 30% —for severe 


infections: 5 cc. and 15 cc. dropper bottles. 

Sodium SULAMyYD Ophthalmic Solution 10% with Meth- 7 

ylcellulose 0.5% —for mild and moderately severe infec- — 

tions and prophylaxis: 15 cc. dropper bottle. 

Sodium SULAMYD Ophthalmic Ointment 10% —/for 

nighttime use and for treatment of styes and lid infec- 

tions: Va oz. tube. 

References: (1) Dickson, R. M.: Brit. J. Phys. Med. 7:77, 1944. 

(2) Collier, E.: Brit. J. Phys. Med, 6:181, 1943, (3) Mayer, L. L.: » 

A.M.A. Arch. Ophth, 39:232, 1948. a 


Sodium SuLamyp,® brand of Sulfacetamide Sodium U.S.P, 
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~ Designed for rough treatment 


Your athlete patients will receive maximum 
comfort and protection during competition if they 
wear ALL AMERICAN* ATHLETIC GLASSES 

. » . practical and useable on all noses for 

almost every sport. 


Extra sturdy all-metal frame 


“Cushion Fit” shock absorbent 
rubber nose piece 


Ends and temples 
covered to protect 
other players 


Expansible, adjustable 
“Glass-Gard’”* headband 


Drop-ball tested safety 
precision lenses 


Prices on request. A complete sample may be 
ordered at nominal cost from your supplier or 
BENSON OPTICAL COMPANY. 


For your protection and ours, look for the trademark 
ArA on the lenses of every pair of 
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*Copyright 


Since 1913 CHhOYL Executive Offices @ Minneapolis, Minn. 
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Criteria of the ideal Evaluation of DYCLONE 
topical anesthetic' by these criteria 


RAPID EFFECT RS Dyclone is a rapid acting local 


anesthetic.' 


HIGH POTENCY oe Dyclone hasa high degree of potency." 


» & Large areas can be treated without 
SAFETY ies a danger; notably safe even if complete 
absorption is assumed.,' 


In more than 5,000 reported cases 

LOW SENSITIZING 4 a sensitization to Dyclone was less than 

0.1%. No instance of cross sensitiza- 

POTENTIAL ee tion with other topical anesthetics was 
found.* 


NO IRRITATION Dyclone is “ ... effective without fre- 


quent irritation.”’* 


references: 1. Arora, R. B., et al.; E.E.N.T. Monthly 34: 593, 1955. 2. Hungerford, L. N.: Bull. Mason Clin. 9: 105, 1955. 
3. Shelmire, B.; Gastineau, F. M., and Shields, T. L.: Arch. Dermat. 71: 728, 1955. 4. Morginson, W. J., et al.: Postgrad. Med, 
19: 605, 1956. 5. Data from Pitman-Moore Research Files. 


Dyclone Creme, in 1 oz. tubes. 
Dyclone Solution, in 1 and 8 oz. bottles. 


Write for literature and samples 
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True solution 
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STERILE 
OPHTHALMIC 
SOLUTION 


(PREDNISOLONE 21- PHOSPHATE -NEOMYCIN SULFATE) 


Now you can offer your patient needing topical therapy the unsur- 
passed benefits of the first stable, sterile soluble “predni-steroid” i 
true solution. Sterile Ophthalmic Solution ‘Neo-HypELTRAsoL’ con- 
tains a soluble inorganic ester of the potent “predni-steroid”— 
prednisolone 21-phosphate. provides these im- 
portant advantages: 


freedom from any particulate matter capable of injuring ocular tissues, 
* uniform and effective concentrations of prednisolone. 
* compatibility with ocular tissues and fluids. 

stability for long periods (does not need refrigeration). 
Indications: Allergic and inflammatory lesions of the anterior segment; 
injury due to physical or chemical trauma. 

Contraindications: Ocular herpes simplex and ocular tuberculosis. 
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Sp (as sodium salt) and 5 mg. Neomycin Sulfate (equivalent to 3.5 mg. 
neomycin base); vials. 


MERCK SHARP & DOHME 


DIVISION OF MERCK @ CO., INC. PHILADELPHIA 1, PA. 


Supplied : Sterile Ophthalmic Solution *Neo-HyveLtRasor’—each cc. contains 5 mg. (1%) 
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30 minutes after 
instillation of 
cyclogyl ... 


instillation of 
cyclogyl... 


hydrochloride 


Rapid onset of action,'* brief duration,’” and 
consistent depth of cycloplegia make Cyclogyl 
. [a] drug of choice for routine refraction.” 


Cyclogyl does not produce local or systemic 
toxic effects, and is relatively nonirritating and 
nonsensitizing;*.4 it has not been reported to 
cause a significant variation in intraocular ten- 
sion.*.5 Cyclogy] is effective in highly pigmented 
eyes, and may be used for persons of all ages.' 
No pretreatment is required. 


Just one or two drops provides complete 
cycloplegia, thereby conferring a saving in 
medication cost. 


Send for literature and samples 


©Co./ Since 1798 


PHARMACEUTICAL AND 
RESEARCH LABORATORIES 


Indications: Refraction; as a mydriatic in 
controlling iritis, iridocyclitis, keratitis, and 
choroiditis; to prevent lenticular adhesions; 
with miotics for preventing or breaking ad- 
hesions in infection; preoperatively, for 
cataract or other appropriate eye surgery. 
Supplied: 0.5% Solution in 15 cc. dropper 
bottles; 1% Solution in 2 cc. and 15 cc. 
dropper bottles. 
“When a miotic is used. Otherwise, in less 
By 20 hours. 
R. and Melative, W. Am. 3. 
2. Ehrlich, L. 


1955. « Y. 
Med, 18 (ee. (bee. 18) 1989. Gettes, 


J. Ophth. 36:110 (ian.) 1953. 


28 Cooper Square, New York 3, N.Y. 


In Canada: 
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Electromyography—A Tool in Ocular and Neurologic 
Diagnosis 


I, Myasthenia Gravis 


GOODWIN M. BREININ, M.D., New York 


The application of electrophysiologic tech- 
niques to the analysis of ocular motility 
problems has yielded important information 
and provided a most useful tool for diag- 
nosis and research in related fields of 
ophthalmology and neurology.’ 

Our understanding of normal patterns of 
innervation of the extraocular muscles has 
been advanced, and considerable insight has 
been obtained in the altered dynamics of 
ocular muscle pareses, myopathies, ptosis, 
myasthenia gravis, comitant strabismus, and 
nystagmus. The effect of drugs may be 
readily evaluated. 

The technique requires the subconjunc- 
tival insertion of fine-gauge concentric elec- 
trodes directly into the extraocular muscles, 
using only topical anesthesia. This is a 
simple, practical procedure, devoid of harm- 
ful effects—the only complication is the 
occasional occurrence of a subconjunctival 
ecchymosis which is a cosmetic blemish of 
brief duration, The muscle potentials are 
~ Received for publication June 19, 1956. 

Presented before the New England Ophthal- 
mological Society, Boston, Feb. 15, 1956. 

From the Department of Ophthalmology of 
the New York University Post-Graduate Medical 
School. 

Studies conducted under Grant B-911 of the 
National Institute of Neurological Diseases and 
Blindness and under grants from the National 


Council to Combat Blindness and the Stanley 
Tausend Foundation. 


suitably amplified, displayed on dual beam 
oscilloscopes, and recorded with moving film 
photography. Extraocular muscle motor 
units have a duration of only 1 to 2 milli- 
seconds (evidence of the small innervation 
ratio) and an amplitude of 20uv to 600yv 
and can recruit at high frequency. 

The usefulness of electromyography has 
been made evident in the following obser- 
vations. 


A Test for Myasthenia Gravis 


Involvement of the extraocular muscles 
has long been noted as among the earliest 
evidences of this disabling and often fatal 
disease. The muscle weakness may be con- 
trolled with certain anticholinesterase or 
anticurare type drugs (neostigmine, tetra- 
ethylpyrophosphate [TEPP], octamethyl 
pyrophosphoramide [OMPA], edrophoni- 
um, etc). The response of the myasthenic 
muscle to these drugs has been of great 
diagnostic as well as therapeutic value and 
is widely employed for these purposes. The 
clinical evidences of response are improve- 
ments in motility of the paretic muscles on 
exhibition of the drug. Unfortunately, this 
improvement may be only minimal or 
equivocal so that diagnosis remains in doubt. 
The utilization of electromyography to eval- 
uate drug action has revealed a striking and 
characteristic muscle response even though 
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gross improvement of motility may not be 
evident. The best drug for this purpose 
is edrophonium (Tensilon chloride), which 
has the virtue of rapid action although very 
brief duration. Introduced as an anticurare 
agent,‘ it was subsequently applied thera- 
peutically, but with disappointing results 
owing to its short action, It has been advo- 
cated for diagnosis and as a guide to thera- 
peutic management of the myasthenia 
patient.°* For these purposes the electro- 
myographic evaluation of drug action has 
much to recommend it and may prove to be 
the best approach, as seen in the following 
cases, 

Case 1.—The patient had a long history 
of vague weakness, variable ptosis, and di- 
plopia. He exhibited ptosis and inability 
to turn both eyes to the right (gaze palsy). 


Gross response to neostigmine and edro- 
phonium was equivocal. In fact, the ques- 


tion of hysteria was raised. The ptosis 
improved somewhat but not the gaze palsy. 
Peripheral muscular weakness was benefited 
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Fig. 1.— Electromyo- 
gram of levator and lat- 
eral rectus in myasthenia, 
A, levator, single unit. 
B, lateral rectus, low- 
grade activity. C, 30 sec- 
onds after edrophonium, 
abundant activity. D, one 
minute later. E, two to 
three minutes later. Am- 
plitude of time signal, 


100uv. 


moderately. Electromyography, however, 
revealed a marked motor unit response in 
the extraocular muscles. Prior to intra- 
venous injection of 1 cc. (10 mg.) of edro- 
phonium chloride the levator was firing only 
a single unit on maximum effort at elevation 
of the lid (Fig. 14). The external rectus 
had a very low amplitude discharge (Fig. 
1B). Thirty seconds after injection the 
levator and external rectus (Fig. 1C) fired 
profusely, although not as much as in the 
normal. The discharge quickly fell off (one 
minute, Fig. 1D), (two to three minutes, 
Fig. 1E). During this time, despite maxi- 
mum effort at turning the eyes to the right, 
practically no movement resulted. The lid 
did elevate several millimeters. The loss of 
response was revealed in the gradual falling 
out of units until the profuse discharge 
reverted to the previous baseline. 

In a later examination, where moderate 
lid action was present, electromyography 
without drugs showed a typical fatigue phe- 
nomenon, wherein sustained effort at elevat- 
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Fig. 2.— Electromyo- 
gram of lateral rectus 
in myasthenia. A, lateral 
rectus, almost silent. B, 
30 seconds after edropho- 
nium, abundant discharge. 
C, single unit discharge, 
one minute later. D, two 
to three minutes later, re- 
verting to baseline. Am- 
plitude of 
100uv. 


time signal, 


ing the lid resulted in a progressive falling 
out of units—like a forest being reduced 
to a few trees. 

Case 2.—For five years the patient had 
variable bilateral ptosis and intermittent 


diplopia with peripheral weakness. He ex- 


hibited bilateral ptosis and limited ocular 
movement in all directions, most marked in 
gaze to the right. The ptosis improved 
markedly with edrophonium, Electromyog- 
raphy of the external rectus showed an 
almost silent tracing (Fig. 24). Thirty 
seconds after 1 cc. of edrophonium chloride 
the muscle fired profusely, although at less 
About 
one minute later the discharge had fallen 
off to a few rhythmic motor units (Fig. 
2C). In two to three minutes the tracing 
showed the baseline level (Fig. 2D). The 
eye did not turn out more than a degree 


than normal amplitude (lig. 22). 


or two despite maximum effort following 
injection of the drug. 


Breinin 


Comment 


Intravenous injection of saline substituted 
for edrophonium without the knowledge of 
the patients elicited no response, 

The electromyographic study of extra- 
ocular muscles reveals characteristic pat- 
terns of innervation and response to drugs 
in myasthenia gravis. In my limited ex- 
perience there have been no responses of 
the above type in nonmyasthenic palsies or 
progressive nuclear ophthalmoplegia or in 
the normal subject, although it has been re- 
ported ® that edrophonium may cause mild, 
transient increase of strength in the normal 
and in some nonmyasthenic diseased muscle, 
A patient with neurogenic ptosis and a par- 
tial third nerve palsy developed sustained 
fibrillations and fasciculations (10 to 15 
minutes) of the levator following edropho- 
nium injection (Fig. 3). The electromyo- 
graphic tracing of this response was entirely 
different from that of myasthenia and 
showed no relation to volition. 
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Fig. 3.—A, levator palpebrae, paretic. Tiny potentials (fibrillation). B, fasciculations and 
fibrillations induced by edrophonium. Amplitude of time signal, 100,v. 


It is of interest that a progressive de- 
crease in amplitude of motor units on sus- 
tained effort, such 
for peripheral muscle in myasthenia, has 
It is 
probable that anatomic and pharmacologic 


as has been described 
not been noted in extraocular muscle. 


uniformity of the muscle fibers and the 
small innervation ratio result in simultane- 
ous, total exclusion of all the muscle fibers 
of a unit—hence loss of the complete unit 
—rather than in a unit of decreased ampli- 
inactivation of individual 


tude due to 


muscle fibers. 

Further experience is necessary to estab- 
lish the specificity of the reaction, but it 
that 
myography provides a most useful test for 


appears extraocular muscle electro- 
the diagnosis and evaluation of therapeutic 
agents in myasthenia gravis. The following 
dosage schedule of edrophonium chloride, 
recommended by Osserman and Teng," 
should false 


negative responses (cholinergic reactions ) 


prove valuable limiting 


of hyperreactive myasthenic patients: 
Adults: 0.2 cc. (2 mg.) intravenously over 
15 seconds; if no response in 30 seconds, 
administer 0.8 cc. (8 mg.) This 


important paper should be consulted for 


more, 


details, 
550 First Ave. (16), 
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Diagnosis 
II. Muscle Palsies 


GOODWIN M. BREININ, M.D., New York 


Electromyography (EMG) of the extra- 
ocular muscles has afforded insight into 
innervational patterns of common and un- 
common diseases affecting ocular motility. 
The method has been described previous- 
ly.'?, The following applications are of 
particular interest. 


A. Neurogenic Palsies of Extraocular 
Muscles 


1. Third, fourth, and sixth nerve palsies 
are frequently encountered in ophthalmo- 
logical and neurological practice. It is of 
diagnostic and prognostic importance to 
establish the site and character of the lesion. 
Electromyography has an important role 
to play in such studies. The following 
observations considerably amplify the find- 
ings of Bjork.* The presence of lower 
motor neuron denervation may be deter- 
mined. The cardinal sign of denervation is 
fibrillation—the minute discharge of single 
muscle fiber potentials which occur spon- 
taneously without relation to volition and 
indicate lower motor neuron damage. Char- 
acteristic fibrillations have been noted in 
oculomotor palsies.’ Caution is necessary 
in the interpretation of ocular muscle po- 
tentials, since small, single motor units bear 
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a very close resemblance to fibrillations. In 
the absence of volitional potentials there is 
no difficulty in classifying fibrillation, but 
where volition is present the diagnosis must 
be restricted to the spontaneous potentials 
occurring when the gaze is directed out of 
the field of the affected muscle. The finding 
of denervation phenomena indicates a pro- 
tracted recovery—if any. It should be em- 
phasized that fibrillations are infrequently 
encountered in extraocular muscle palsies. 

Furthermore—and this is most important 
—the EMG pattern of mild palsies is in- 
distinguishable from the normal. Except 
in complete conduction block or total dener- 
vation, some volitional discharge is always 
present in the paretic muscle. Neurogenic 
paresis of moderate to severe degree, how- 
ever, is indicated by irregular or sparse 
recruitment, poorly sustained discharge 
(Fig. 14 and B), and loss of the “inter- 
ference” pattern characteristically seen on 
effort, the occurrence of single unit dis- 
charges in the field of action of a muscle 
(lig. 24, B, and C) (evidence of the loss 
of motor units), and denervation fibrilla- 
tions (Fig. 3). The motor units in a severe 
paresis of extraocular muscle are usually of 
decreased amplitude. 

Polyphasic motor units have been encoun- 
tered infrequently in the extraocular muscles, 
e. g., in a lateral rectus recovering from an 
abducens palsy (lig. 4). Polyphasic waves 
occur often in paretic peripheral skeletal 
muscle and are thought to be due to tem- 
poral or spatial dispersion of the nerve 
action current resulting in asynchronous 
discharge of the many muscle fibers of a 
unit. Their relative rarity reflects the anat- 
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Fig. 1.—Paretic medial rectus. A, good activity but poorly sustained. 8B, irregular firing, 
one nystagmus burst. The amplitude of the time signal is 100uv in every Figure. 


Fig. 2.—Paretic medial 
rectus. A, scanty low- 
amplitude discharge, pos- 
sible fibrillations. B, a 
tiny rhythmic motor unit. 
C, single motor units in 
field of activity of mus- 
cle. D, volume configura- 
tion in single motor unit. 


Fig. 3.—Complete third 


nerve palsy. A and B, 
levator fibrillation. C and 
D, medial rectus fibrilla- 
tion. 
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omic uniformity and low innervation ratio 
characterizing eye muscles. (Rhythmic dis- 
charges of coupled or duplex units during 
sleep and in palsies have been noted [Fig. 
17|* The occurrence of volume effects in 
conduction produces typical wave forms of 
source-sink-source type when the electrode 
is located at the mid-point in volume | Fig. 
2D |.) 

In the the 


have 


oculi 
recorded 


case of orbicularis 


units been 


polyphasic 


Fig. 5.— Orbicularis 
oculi, Bell's 
polyphasic units. B, poly- 


palsy. A, 


phasic units and normal 
units, C, polyphasic units. 


Breinin 


during the recovery reinnervation following 
Bell's palsy (Fig. 5). This reflects the in- 
termediate position this muscle holds be- 
tween extraocular and_ peripheral skeletal 
muscle. ibrillations and slow positive 
waves also were present mingled with nor- 
mal motor units (Fig. 6). The clinical im- 
provement of this patient during a period 
of a year has been reflected in the changing 
EMG patterns in which the normal wave 
forms have increased and the abnormal have 


Fig. 4.—Paretic lateral 
rectus, recovering. Poly- 
phasic motor units, a 
rarity in ocular muscle 
(polyphasic unit and 
single motor unit alter- 
nating). 


Fig. 6. — Orbicularis 
oculi, Bell's palsy. A, 
spontaneous activity in 
muscle. B, maximum ef- 
fort of contraction shows 
sparse discharge. C, spon- 
taneous abnormal activity. 
LD), fibrillations. 


ted: 


decreased, The prognostic value of electro- 
myography is thus clearly evident. 

The occurrence of 
apparent paresis due to anomalies or dis- 
turbances of the antagonist is not infre- 
quent. In general, this type of disorder can 
be recognized by the limited motility shown 
by the forced duction test. 


2. Pseudoparesis. 


Electromyog- 
raphy has proved useful in a number of 
such cases in establishing that the appar- 
ently paretic muscle had a normal innerva- 
tional pattern, One such patient, diagnosed 
as having a case of complete abducens palsy, 
showed a large monocular esotropia and 
amblyopia with practically no abduction 
movement of the eye. Foreed duction 
showed anatomic obstruction to abduction. 
Klectromyography exhibited a normal level 
of firing in the lateral rectus. At surgery 
a large medial rectus recession was carried 
out, Numerous abnormal fascial bands were 
encountered surrounding the muscle and 
were severed, It had originally been planned 
to do a recession-resection, but in view of 
the I.MG record no surgery was performed 
on the lateral rectus. The postoperative 
alignment was very good, the eye being 
slightly esotropic. Abduction of some 20 
degrees was now obtainable. 

3. Primary and secondary deviations and 
overactions have been determined electro- 


myographically.* Recently two cases of 


what appears to be primary spastic esotropia 
have 


been studied. These adult patients 
developed marked comitant esotropia, with 
no known antecedent muscle imbalance. The 
apparently paretic lateral recti fired in a 
whereas the 
remarkably high 
amplitude and frequency (reaching almost 
mv.). 


completely normal 
medial 


manner, 


recti exhibited 


4. Duane’s retraction syndrome. The clas- 
sical description of the congenital retraction 
syndrome of Duane includes complete ab- 
sence of abduction, normal or somewhat 
impaired adduction often accompanied by 
an upshoot or downshoot of the eye, ptosis 
and retraction of the globe on adduction, and 
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widening of the palpebral fissure on at- 
tempted abduction. 

The retraction has generally been con- 
sidered to result from the pull of the medial 
rectus against a fibrotic, inelastic lateral rec- 
tus which, since it cannot reciprocally relax, 
results in the globe being pulled backward 
into the orbit. The ptosis is thought to be 
a mechanical consequence of the loss of 
support due to the retraction, 

Surgical exposure of the lateral rectus 
has confirmed the existence of muscle path- 
ology in some patients. In others, it has 
been reported that the lateral rectus ap- 
peared normal whereas the medial rectus ex- 
hibited anomalous fascial bands or connec- 
tions which resulted in the same clinical 
picture (Gundersen *). Scobie * has also de- 
scribed the occurrence of medial rectus ab- 
normalities in some cases and classified the 
retraction syndrome into several types, de- 
pending on whether the lateral or medial 
rectus is primarily involved. 

Electromyography was performed in the 
following cases: 

Case 1.—A 30-year-old white man had a 
retraction syndrome ©. S. noted since birth. 
There was absent abduction and limited ad- 
duction with upshoot. The palpebral fissure 
widened on attempted abduction, and ptosis 
occurred on adduction, during which retrac- 
tion of the globe was evident. Thorough 
exploration of the lateral rectus with the 
concentric electrode revealed 
nervation (Fig. 7A) except 
site, which discharged well. The needle 
transmitted a of almost gritty 
The medial rectus fired normal- 
ly, as did the levator. Widening of the 
fissure was accompanied by slightly larger 
bursts in the levator (Fig. 7B). Very little 
difference was noted in the levator discharge 
level between the primary position and 
adduction. 

Surgical exploration of the horizontal 
recti revealed a fibrotic, cord-like lateral 
rectus, which limited adduction. The medial 
rectus was essentially normal. In this case 
the classical explanation for the retraction 
syndrome was confirmed. There 
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Fig. 7.—Duane’s 


doubt, however, that a similar clinical pic- 
ture can result from disturbances of the 
medial rectus. Electromyography often can 
establish the existence and locus of muscle 
pathology. Normal discharges will be en- 
countered where the disturbance is of an 
anatomical nature involving adjacent struc- 
tures, such as aberrant slips, fascial bands, 
etc. 

Case 2.-A 45-year-old man had a typical 
retraction syndrome O. S. since birth, Bin- 
ocular vision was present in the primary 
position. Electromyography recorded no 
spontaneous firing in the lateral rectus O. S. 
except in one needle position. The dis- 
charges were of low amplitude. No recruit- 
ment occurred in gaze left; however, 
anomalous recruitment occurred in gaze 
right, out of the field of the muscle (Fig. 8). 


PALSIES 


syndrome, A, lateral rectus, low-grade activity in primary position and 
attempted abduction. B, levator activity inereases on attempted abduction, 


This phenomenon (in paretic muscles) has 
been described at length in another report 
and is due, in my opinion, to a stretch reflex 
made manifest by the paresis. The dis- 
charge became maximal in extreme gaze 
right but never attained a normal amplitude, 
In this patient passive rotation did not 
elicit a discharge from the muscle. 

Right nystagmus (optokinetic and ca- 
loric) was elicited and showed a fast com- 
ponent to the right in the lateral rectus. 
Left nystagmus elicited no discharge from 
the lateral rectus. It should be noted that 
no discharge or movement could be elicited 
into the field of the muscle but only out of 
the field. The possible contribution of this 
type of anomalous cocontraction to retrac- 
tion of the globe immediately presents. it- 
self. However, in other types of palsies 


Fig. &—Duane'’s syn- 
drome, lateral rectus. A, 
On left, no activity in 
primary position or at- 
tempted abduction; on 
right, anomalous recruit- 
ment on adduction, 8B, 
anomalous recruitment. 
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showing this phenomenon no retraction was 
noted, It is possible that a small amount 
of retraction may have occurred in these 
but was overlooked. The fact that the phe- 
nomenon of anomalous innervation has been 
noted only in neurogenic palsies thus far 
suggests but does not prove that the basic 
disturbance in this patient was a neurogenic 
lesion. 

It is clear that this lateral rectus had some 
muscle fibers which were capable of being 
discharged and not a general fibrosis. 

Unfortunately, this technique is not yet 
suitable for use in children and is thus 
limited to cooperative teen-agers or adults. 
It is hoped that this major impediment to 
study of the important childhood group of 
motility disorders will be circumvented in 
the future. 

5. Aberrant third nerve regeneration. The 
syndrome of aberrant third nerve regenera- 
tion is frequently observed to follow an 
oculomotor palsy. The studies of 
and Fulton indicated that 
regenerating nerve fibers could explain the 
Anomalous 


sender 
misdirection of 
central 


clinical findings. con- 


nections have also been considered, In 
fullest manifestation the syndrome consists 
of retraction of the upper lid, adduction of 
the globe, and miosis on attempt at looking 
up, down, or in. From experimental lesions 
in the monkey Bender and Fulton concluded 
that random misdirection of a regenerating 
third nerve results in fibers for all compo- 
nents of the nerve being distributed to all 
the muscles innervated. On any attempted 
movement except abduction the antagonistic 
vertical muscles are simultaneously inner- 
vated and thus neutralize each other, where- 
as the unopposed medial rectus, levator, and 


sphincter pupillae account for the adduction, 


lid retraction, and miosis noted. Incomplete 


forms of this syndrome occur especially 
with respect to the pupil. 

Several cases of this interesting condition 
have been studied electromyographically 
with 
The 


been 


the technique previously described. 
innervation postulated by Bender has 
confirmed in each instance. 
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Case 3.—A 60-year-old Negro woman 
developed a complete third nerve palsy due 
to intracranial aneurysm. A gradual re- 
covery of lid elevation and adduction ap- 
peared six to nine months later. However, 
no vertical movement was elicited. On at- 
tempted gaze up or down the lid retracted 
and the globe was adducted. The lid also 
retracted on adduction and marked miosis 
developed. On abduction the pupil became 
wider. Electromyography of the levator, 
medial rectus, and inferior rectus revealed 
simultaneous discharge on attempted gaze 
up, down, or in (Figs. 9 and 10). A slight 
decrease of firing occurred in the levator on 
abduction. 

The question arises whether anomalous 
innervation, as described in this paper and 
elsewhere,® plays a role in the discharge 
of reinnervated muscles out of their field. 
It does not seem likely, since the globe re- 
fixed stretch could not 
occur, nor could this explain the miosis or 
lid retraction, On the other hand, anomalous 
innervation provides a new concept for this 
syndrome which does not require aberrant 
distribution of nerve fibers. At present, | 
feel the latter suggestion is less likely than 
the Bender concept but requires further 
consideration, 


mains and hence 


B. Progressive Nuclear 
Ophthalmoplegia 

The etiology of this curious, often heredi- 
tary, involvement of the extraocular muscles 
has been long disputed. The onset is usually 
in early life, with ptosis and gradual weak- 
ness of all the extraocular muscles until 
total immobilization of the eyes results. 
This has been ascribed to nuclear lesions 
hence the name—although, on pathological 
evidence, it has been maintained that the 
condition belongs in the category of muscle 
dystrophy. The following observations, the 
first of their kind, suggest that the disease 
is innervationally more closely allied to 
muscle pathology than to neurological path- 
ology. 

Case 4.—A 56-year-old patient had had 
bilateral ptosis since the age of 26. There 
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Fig. 9.—Aberrant third 
nerve regeneration. A, 
inferior rectus, primary 
position, low-amplitude 
discharge. B, Gaze down, 
increased discharge. C, 
Gaze in, even larger dis- 
charge. D, gaze up, 
discharge increased ovet 
initial level. 
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Fig. 10. — Aberrant 
third nerve regeneration, 
levator. A, primary posi- 
tion, low activity. B, de- 
pression of globe with 
increased activity in leva- 
tor. 
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Fig. 11.—Electromyogram in progressive nuclear ophthalmoplegia (lateral rectus record). 
A, primary position. B, abduction, abundant recruitment but low amplitude. C, gaze ahead, 
then to side of lateral rectus, D, primary position, low-grade activity. 


(Fig. 114). On effort at abducting the eye 
there was a sustained profuse discharge 
(interference pattern) of very low-ampli- 
tude motor units (Fig. 11B). This differ- 
ence is seen in Figure 11C, where gaze effort 
directed first ahead and then to the 
No movement of the globe resulted, 


had been progressive loss of ocular motility 
continuing until the present. [Examination 
revealed bilateral ptosis and almost total 
immobilization of both eyes. Electromyog- 
raphy of the lateral rectus was performed. 
In the primary position there was a low-fre- 
quency discharge of small motor units 


was 
side, 


Fig. 12.—Medial rectus, progressive nuclear ophthalmoplegia. A, primary position. B, effort 
at adduction. 
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but the great increase in discharge is evident. 
Figure 11D shows single-unit activity in the 
primary position. Injection of neostigmine 
and edrophonium (Tensilon) did not alter 
the character of discharge. 

Case 5.—A 33-year-old woman had had 
bilateral ptosis since the age of 7. Gradual 
immobility of both eyes developed over the 
years, and now only a few degrees of move- 
ment are left. The EMG is identical with 
that of Case 4 (Fig. 12). 

It has been maintained that neurogenic 
atrophy is characterized by the loss of com- 
plete motor units. Thus the innervational 
pattern on effort is a discharge of fewer 
motor units but with normal amplitude of 
those remaining. Primary muscle atrophy, 
however, is characterized by the loss of 
many muscle fibers rather than motor units.® 
Thus there is abundant recruitment of 
motor units on effort (interference pat- 
tern), but of lower amplitude, since the 
building blocks of the unit—the muscle 
fibers—are damaged. This is the pattern 
observed in the above cases. It may be 
objected that a neurological lesion may se- 
lectively damage large-amplitude units, leav- 
ing only small-amplitude units. The exact 
opposite has been noted in some neurogenic 
palsies of peripheral muscle. Severe neuro- 
genic palsies of extraocular muscles usually 
exhibit low-amplitude potentials, but  re- 
cruitment is also poor (Vig. 13). The 
abundant recruitment in these cases makes 


this seem less likely. Hence it is concluded 
that progressive nuclear ophthalmoplegia 
has close dynamic affinities with muscle 


Fig. 13.—Paretic lateral rectus, 
charge; few units. 
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attempted abduction. 


dystrophy and is not primarily a neurologi- 
cal disorder. 


C. Nystagmus 


The analysis of nystagmus is substantially 
advanced by recording the innervation to the 
extraocular muscles. The pattern of dis- 
charge shows that extremely rapid frequen- 
cies may occur. The reciprocity patterns of 
antagonists are readily compared. The com- 
plete analysis of nystagmus involves (a) 
the innervation and (b) the response. The 
simultaneous determination of the two is 
obtained by recording the electro-oculogram 
(EOG) along with the electromyogram. 
The former is based on the D, C. potential 
of the eye and has been used for some years 
as an objective measure of eye movement. 
In Figure 144 and B the upper tracing 
(EMG) shows nystagmus bursts of inner- 
vation to the medial rectus. The lower 
tracing (EOG) records the eye movement 
produced, It is clear that the bursts precede 


‘the movement. The jerky type of nystag- 


mus is indicated by the slope of the EOG. 
Simultaneous EMG and EOG tracings are 
being taken in the study of spontaneous 
and induced nystagmus in man. 

Case 6,—Ketractory and convergence 
nystagmus 

A patient with a brain tumor revealed a 
loss of voluntary vertical gaze associated 
with retractory and convergence nystag- 
mus. Electromyograms of the medial and 
lateral recti revealed almost simultaneous 
discharge of the antagonists with resultant 
retraction of the globe (Figs. 15, 16). In 
most nystagmus the contraction of the 
agonist is accompanied by inhibition of the 


Low-amplitude low-frequency dis- 
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Fig. 14.—Nystagmus with simultaneous electromyogram and electro-oculogram. A and B, 
upper tracing, EMG of medial rectus; lower tracing, EOG. Relationship of innervation and 
consequent movement clearly indicated. 


Fig. 15.—Retractory and convergence nystagmus O.D. Simultaneous recruitment in lateral 
rectus (above) and medial rectus (below). A, primary position, retractory nystagmus. B, con- 
vergence nystagmus. C, abduction with retractory nystagmus, 
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Fig. 16.—Simultaneous activity of medial and lateral recti in retractory nystagmus. Lateral 


rectus above. Medial rectus below. 


Fig. 17.—Duplex unit in lateral rectus paresis. 


antagonist. This relationship was lacking 
during retraction nystagmus and faulty dur- 
ing the convergence nystagmus. A central 
disturbance of the reciprocity mechanism 
is thus evident. 


These two types of ab- 
normal nystagmus appear basically similar. 
550 First Ave. (16). 
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Electromyographic Evidence for Ocular Muscle 


Proprioception in Man 


GOODWIN M. BREININ, M.D., New York 


The question of extraocular muscle pro- 
prioception * has been labored long and ve- 
hemently in ophthalmologic literature. The 
existence of muscle sense, that is, a knowl- 
edge of the position of the eyes due to 
messages from the ocular muscles, strongly 
advocated by Sherrington,’ has now been 
generally denied. The information derived 
from vision and the innervational urge are 
said to be adequate to explain our awareness 
or lack of awareness of eye position.** 
That the extraocular muscles should lack a 
mechanism for the recording of muscle ten- 
sion, however, would place them so far 
apart from other skeletal muscle as to 
arouse wonder and doubt that they should 
be so distinguished. The fact that the 
extraocular muscles do have anatomic and 
pharmacologic peculiarities has been long 
appreciated. 

The existence of unusual nerve endings 
in these muscles has been reported, and the 
occurrence of muscle spindles and other 
low-threshold stretch receptors has been 
clearly described by Cooper, Daniel, and 
Whitteridge and reasons given for the fail- 
ure of other workers to find them. Their 
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recent report of recording typical stretch 
discharges in afferent fibers running in the 
third, fourth, and sixth nerves, via the fifth 
nerve and in the brain stem, provides clear 
neurophysiologic evidence for the existence 
of a tension-recording apparatus in extra- 
ocular muscles.* 

It has long been known that stretch re- 
flexes cannot be obtained from extraocular 
muscles. It is also realized that extraocular 
muscles are not extensor muscles in which 
phasic and static stretch reflexes are best 
obtained. Tendon jerk responses need not, 
then, be expected. That a mechanism does 
exist, however, for signalling changes in 
muscle tension is implicit in the following 
observations. 

A. Electromyography of the extraocular 
muscles as described by Breinin and Mold- 
aver® was carried out during enucleation 
procedures under local anesthesia. The level 
of anesthesia was sufficiently light to permit 
muscle movement without discomfort. The 
level of firing of extraocular muscle which 
is characteristically seen in the primary 
position (Fig. 14) decreased radically 
when the muscle tendon was cut from the 
globe (Fig. 1B). Some firing continued 
when fascia supported the muscle and pre- 
vented complete retraction into equilibrium 
position. After enucleation, in another case, 
when the ocular muscles were maximally 
retracted there was no discharge in the 
resting rectus muscles (Fig. 2C). They now 
resembled typical peripheral skeletal muscle 
at rest. On attempted gaze to the side, how- 
ever, they promptly fired. The only thing 
changed was the degree of stretch of the 
muscle. It is inferred, therefore, that the 
normal firing of the primary position is a 
consequence of a certain degree of tension 
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Fig. 1.—Electromyogram of a rectus muscle. A, before severence of tendon. 
severance of tendon; note decreased activity. Amplitude of time signal, 100gv. 


Fig. 2.—Electromyogram of medial and the lateral rectus after enucleation. A, reciprocal 
innervation rapid. B, reciprocal innervation slow. C, primary position, no activity. Amplitude 


of time signal, 100,v. 


in the attached muscle. Retraction of the 
free muscle disburdens the spindle mech- 
anism, which ceases its discharge and this 
inhibits motor unit firing. The attempt to 
augment motor discharge above the level 
found just before cutting the tendon by 
stretching the cut muscle was unsuccessful, 
however. Neither was any inhibiting effect 
on the antagonist produced by stretching 
the agonist. It is clear that phasic stretch 
does not occur but that there is a basic, 
static stretch mechanism which cannot be 
augmented beyond some limiting point. 

B. It was further observed that the reci- 
procity mechanism in muscles of the normal 
eye differs markedly from that of the enu- 
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cleated eye. The beautiful reciprocal inner- 
vation of normal muscles is characterized 
by a graded augmentation of the agonist 
with graded decrementation of the antago- 
nist. On gaze from side to side the gradual 
increase in firing of one is accompanied by 
an equal decrease in firing of the other. 
Both fire in the primary position. 


After enucleation the muscles lose this 
nicely graded innervation. There is abrupt 
increase in the agonist along with silence 
of the antagonist. On reversing gaze the 
previously active muscle quits before the 
new agonist commences its abrupt firing 
(Fig. 2A and B). It must be assumed that 
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Fig. 3.—Electromyogram of paretic lateral rectus. A, primary position, low amplitude and 


frequency. B, abduction, low activity. 


the loss of gradation reflects the loss of an 


afferent mechanism in the muscles which 
maintains the normal level and gradation of 
firing. 

C. A striking observation suggesting the 
existence of a proprioceptive mechanism has 
been made in seven cases of muscle paresis. 
Patients with third and sixth nerve palsies, 
in a recovering phase, have exhibited an 
anomalous innervation, Thus in abducens 
paresis the lateral rectus exhibited a small 
discharge in the primary position (Tig. 
34) and on abduction (Fig. 3B) but a 
much larger discharge on adduction, reach- 
ing its maximum as the eye rotated farthest 
out of the field of action of the muscle (Fig. 
3C). This astonishing finding could not be 
related to electrode position and was con- 
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C, adduction, anomalously increased innervation. 
passive adduction, even greater anomalous activity. Amplitude of time signal, 100,v. 


firmed by an increase in discharge on pas- 
sive rotation of the globe with forceps out 
of the field of action (Fig. 3D). In short, 
the lateral rectus behaved as though it were 
the medial rectus. In third nerve palsy the 
medial rectus behaved like a lateral rectus. 
Recruitment occurred in the wrong field. 
Despite the discharge, however, the muscle 
could not preponderate over or even hold 
its own with the simultaneously firing non- 
paretic antagonist. 

The extent to which the paretic muscle 
loses its identity may be seen in Figures 4 
and 5. The upper tracing is the right medi- 
al rectus; the lower is the paretic right 
lateral rectus. This patient also was in the 
recovery phase of an abducens palsy. The 
eye could be abducted slightly but did not 
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Fig. 4.—Electromyogram of right medial (above) and right lateral (below) rectus in 
abducens palsy O.D. Nystagmus to left, both muscles recruit together. 


Fig. 5.—A, left nystagmus in dextroversion. 


Same case as in Figure 4. B, inhibition of 


right lateral rectus (below) on gaze right followed by increased innervation and_ then bursts 
simultaneously with medial rectus (above) in left nystagmus. Amplitude of time signal, 100gv. 


quite reach the midline. The medial rectus 
fired huge nystagmus bursts and showed 
great amplitude of discharge. The innerva- 
tion of the lateral rectus was surprisingly 
good, but, again, recruitment existed only 


in adduction and not in abduction. The 
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same phenomenon occurred in passive ad- 
duction by traction. In nystagmus to the 
left the lateral rectus behaved like the medial 
—~both firing large bursts in the quick phase. 
At times there was no accompanying dis- 
charge from the lateral rectus. In opposite 
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Fig. 6.—Electromyogram of paretic lateral rectus, showing anomalous innervation with 
single motor units on adduction by volition or traction. A and B, gaze ahead, then in. 


nystagmus both exhibited inhibition at the 
same time or no change occurred in the lat- 
eral rectus. At no time did it augment in its 
proper field. A slight time lag may be noted 
between the initial discharge of the medial 
rectus and the anomalously firing lateral 
rectus (Figs. 4 and 5). 

The only explanation I can propose for 
this behavior is the presence of a sensitized 
stretch reflex produced or made manifest 
by the paresis. Thus, the elongated muscle 
is stimulated to fire by active and passive 
rotation of the globe out of its field. Ano- 
malous innervation with single motor units 
has been seen in a case of paretic lateral 
rectus. On adduction by volition and trac- 
tion there occurred frequency 
and recruitment (Fig. 6). This has never 
Why 


some 


increased 


been observed in a normal muscle. 
this 
paretic muscles is not presently clear. 

The same phenomenon has been clearly 
noted in a case of Duane’s syndrome.® In 
this patient, however, passive nasal rotation 
did not elicit a discharge from the lateral 
rectus. The relationship of anomalous in- 
nervation to aberrant regeneration is also 
discussed in that paper. 

For the above reasons and in considera- 
tion of the findings of Cooper, Daniels, and 


phenomenon appears only in 


Whitteridge,* it appears that a propriocep- 
tive mechanism must be postulated for the 
extraocular muscles. It is not implied that 
such a mechanism provides muscle position 
sense or awareness. Failure to make this 
distinction has resulted in confusion in the 
past. 


550 First Ave. (16). 
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Caused by Aneurysm 


The symptom combination of unilateral 
frontal headache and oculomotor paralysis 
has long been recognized by clinicians as 
characteristic of aneurysm of the intra- 
cranial portion of the carotid artery. Prior 
to the introduction of arteriography by 
Egas Moniz,’ in 1927, confirmation of the 
diagnosis was limited to the relatively few 
cases which were explored surgically or 
came to autopsy. With the increased use of 
arteriography and the increased frequency 
of surgical exploration in the past 15 years, 
faith in the symptom complex has grown 
to such an extent that it is now often re- 
garded as diagnostic of intracranial carotid 
aneurysm. 

It is aneurysms of the internal carotid 
artery which cause the syndrome of uni- 
lateral frontal headache and oculomotor 
paralysis. Only occasionally do these symp- 
toms occur with aneurysms elsewhere. 
Walsh and King? studied a series of 32 
intracranial aneurysms selected for ocular 
signs. Fifteen of these had aneurysm of 
the internal carotid artery, and, of these 
fifteen, fourteen presented the syndrome. 
In only one instance did the syndrome occur 
in connection with an aneurysm elsewhere 
(a large saccular aneurysm arising at the 
junction of the middle cerebral and poste- 
rior communicating arteries). 

In Dandy’s* monograph on intracranial 
aneurysm, published in 1944, one hundred 
two cases were reviewed. Fifty cases were 
aneurysms of the carotid artery. Of these, 
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23 had unilateral frontal headache and 
oculomotor paralysis; in 4 the headache and 
oculomotor paralysis were present, but the 
headache was not localizing; 10 had either 
unilateral headache or oculomotor paralysis, 
but not both; there were no ocular signs in 
the remaining 13 cases. Dandy concluded, 
“Perhaps the most important evidence of 
aneurysm is the sudden repeated sharp pains 
in the eye or in the frontal or temporal 
region, frequently followed by ptosis of the 
upper lid and extraocular palsies on the 
same side. These manifestations are almost 
pathognomonic of carotid or nearby aneu- 
rysms.” 

Jaeger* presented a paper in 1950 on 
the syndrome of frontal headache and oculo- 
motor paralysis, in which he described 31 
cases in which the clinical diagnosis was 
based on these two factors. In every in- 
stance the patient was proved to have an 
aneurysm of the intracranial portion of the 
carotid artery by arteriography or operative 
exposure. 

Henderson *® reported 119 cases of cere- 
bral aneurysm in 1955. While he apparently 
agreed to the value of pain and oculomotor 
palsy as diagnostic and localizing symptoms 
in his own series, these symptoms did not 
occur as consistently in his cases of carotid 
aneurysm as in those series previously men- 
tioned. Pain and oculomotor palsy were 
present in 17 cases (14%) of cerebral 
aneurysms of all types and in 37% of the 
carotid aneurysms. Three were intracavern- 
ous carotid aneurysms; twelve were supra- 
clinoid carotid aneurysms, and two were in 
the posterior communicating artery. It will 
be noted, however, that in every instance 
but two the symptoms, when they occurred, 
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correctly indicated an aneurysm of the intra- 
cranial portion of the carotid artery. 

The foregoing clinical observations ac- 
count for the prevalent belief that unilateral 
headache and oculomotor palsy are almost 
pathognomonic of aneurysm of the carotid 
artery involving that short stretch of the 
artery from the carotid canal to its division 
into anterior and middle cerebral vessels, 
i, €., its intracranial length. It is in this 
region that the carotid artery is so close to 
the third, fourth, fifth, and sixth cranial 
nerves that any aneurysmal expansion or 
rupture of the vessel is apt to present symp- 
toms referable to the eye. 

It is the purpose of this paper, on the 
other hand, to present and analyze a group 
of 12 cases with the syndrome of frontal 
headache and unilateral third nerve paraly- 
sis in which the etiology was found to be 
other than aneurysm. 


Report of Cases 


Case 1.—Diabetes 
A 57-year-old Italian-American mother 
of seven was admitted to the neuro- 


logical service of the Massachusetts Gen- 
eral Hospital with ptosis of the right eye, 
double vision, and pain over the right side 
of the face and head. The onset of pain 
had been abrupt 9 days previously, and 
ptosis and diplopia had followed in the next 
48 hours. The only other illness the patient 
could recall was a right Bell’s palsy five 
years earlier, from which she had recovered 
in two months. There was no history of 
diabetes in the family, 

-xamination showed a relatively complete 
extraocular third-nerve paralysis on the 
right. The fourth and sixth nerves were 
intact. The right pupil reacted sluggishly. 
There was some hypesthesia over all of the 
branches of the trigeminal nerve. Vision 
was 20/20 O. U, There was a small hemor- 
rhage noted beside the disc in the left eye. 
It was said to be old and was considered 
a part of her recently discovered hyperten- 
sion (blood pressure 170/95). The re- 
mainder of the neurological examination, 
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including examination of the spinal fluid 
and electroencephalogram, was negative. A 
4+ sugar was reported on routine urinalysis 
but was unfortunately overlooked; no blood 
sugar determination was made. Aneurysm 
of the intracranial portion of the carotid 
artery was considered most likely by all the 
hospital services. Because a bruit was heard 
on the left (opposite) side, it was thought 
that the aneurysm was in the left cavernous 
sinus, although all consultants were at a 
loss to explain the crossed signs. Skull films 
were normal. Arteriography was performed 
on the left. No aneurysm was found. In 
retrospect it was thought that the cavernous 
portion of the carotid artery was slightly 
narrowed and that this accounted for the 
bruit. Five days later right carotid arteriog- 
raphy was performed and again no 
aneurysm was found. The patient, however, 
developed a left hemiparesis following the 
procedure, When she was discharged, one 
month later, it was noted that the hyp- 
esthesia of the trigeminal nerve had dis- 
appeared and that the paresis of the third 
nerve had markedly improved. The hemi- 
paresis remained unchanged. 

The patient lived six years after the 
above admission. Diabetes mellitus was 
diagnosed two years later by her family 
physician. While the diabetes was moderate 
in degree and controlled by diet, she never- 
theless developed diabetic gangrene of the 
toes of the right foot and extensive diabetic 
extravasations in the retina. 

Case 2.—Diabetic neuropathy 

A 62-year-old housewife was admitted to 
the neurological service of the Massachu- 
setts General Hospital with ptosis of the left 
lid and left-sided headache. Five weeks pre- 
viously she had developed a left frontal 
headache of intermittent knife-like character, 
followed two days later by diplopia and 
four days later by drooping of the left lid. 
The ocular symptoms persisted and were 
stationary. The pain radiated to the left 
orbit, continued intermittently, and was ac- 
companied by photophobia and lacrimation 
in the right (opposite) eye. The patient 
stated that she had had diabetes mellitus 
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for 10 years, which was in good control with 

10 to 30 units of protamine zine insulin 
(PZI) once a day. The medical work-up 
confirmed that the insulin control was good, 
but it disclosed evidences of diabetic com- 
plications, viz., albuminuria, casts in the 
urine, absent pulses in the ankles and feet, 
and a blood pressure of 184/102. 

On ophthalmologic examination it was 
noted that the left lid was ptotic, the eye 
was rotated laterally, and there was com- 
plete external ophthalmoplegia. The pupil 
was normal in size and reacted to light. 
Corneal sensitivity was equivocal. There 
were diabetic changes in the retina of mod- 
erate degree. The left eye was exophthalmic 
by 2 mm. in comparison with the right. 
Except for paresthesias in the feet, the 
neurologic examination was negative. The 
spinal fluid was clear and without cells. 
The spinal fluid protein was 72 mg, per 
100 ce. A tentative diagnosis of intracranial 
aneurysm, or tumor, was made. 

Left carotid arteriography was performed 
on the fourth hospital day, and the intra- 
cranial vessels were found to be normal. 
The following day the patient developed 
laryngeal edema and died a sudden cyanotic 
death. Examination of the brain showed 
a fusiform swelling of the intracranial por- 
tion of the third nerve on the left. Histo- 
logical study of the affected portion of the 
nerve revealed ischemic destruction and 
fibrous hyperplasia, largely of the central 
fibers. The histologic aspects of this case 
are being reported in a separate communica- 
tion by Dreyfus, Hakim, and Adams.® 

Case 3.—Diabetes 

A 74-year-old widow, born in the Azores, 
was admitted to the neurological service of 
the Massachusetts General Hospital with 
pain behind the right eye, ptosis of the 
right lid, and double vision of one week’s 
duration. Past history disclosed that she 
had had uveitis in both the right and left 
eye, 12 and 5 years previously, respectively. 
She had been a diabetic for 15 years and had 
been hospitalized numerous times when the 
diabetes was out of control. 
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Examination showed that there was com- 


plete paralysis of all the extraocular mus- 
cles supplied by the third cranial nerve on 
the right. The fourth, fifth, and sixth 
nerves were unaffected. Pupillary response 
could not be evaluated because of posterior 
synechiae from the old uveitis. There were 
bilateral immature cataracts and diabetic 
retinopathy of moderate degree. Neurolog- 
ical examination, including skull films, did 
not contribute anything further, A primary 
diagnosis of diabetic neuropathy was made. 
Aneurysm of the intracranial portion of the 
carotid artery could not be ruled out, but 
the pain was not considered sufficiently 
episodic to be characteristic of aneurysm. 
Arteriography was not performed because 
of the patient’s age. Two and a_ half 
months later the patient had fully recovered. 
Eight months .later the patient developed 
a left oculomotor paralysis, which ran a 
similar course to complete recovery. A four- 
year follow-up disclosed the patient at age 
78 living and well except for some 
peripheral neuropathy of the distal ex- 
tremities and diabetic retinopathy which had 
curtailed her ability to read, Because of 
the multiplicity of her peripheral neuro- 
pathic signs, this case was considered to be 
one of diabetic etiology.* 

Differential Diagnosis of Diabetes and 
Carotid Aneurysm.—\t would be useful to 
be able to make a clinical differential diag 
nosis between aneurysm and diabetic neuro 
pathy, because diabetics have an unusually 
high morbidity following arteriography 
(presumably owing to the fragility of the 
vasculature). It does not seem to be possi- 
ble to make the differential diagnosis on the 
basis of the acute symptomatology. With 
both diabetic and aneurysmal ophthalmo- 
plegia the onset is sudden and there is fre- 
quently severe pain. The pain is lateralized 
to the paretic side and can be episodic in 
nature. It is of interest that there is a 
prevalent clinical opinion that pain is less 
intense or absent in diabetic lesions. This 
is not borne out by our experience nor that 


* Dr. Albert Weiser provided the follow-up case 
report on this patient. 
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Characteristics 


of Four 


Oculo- 

motor 

Paresis Paresis 
+ + 


62 + ? 
m4 + ? 


+ 


Age Pain Pupil 


57 


62 
* Reference 7. 


of Eareckson and Miller," Waite and 
Beetham,® Duke-Elder,® and Walsh.” 

A tabulation (Table) of the characteristics 
of the preceding cases, plus the well-docu- 
mented case of Eareckson and Miller,” sug- 
gests that there are some qualities useful 
for differentiating diabetic neuropathy from 
aneurysm: All of the diabetic patients were 
in the fifth, sixth, or seventh decades; the 
youngest was 57 years old, and the average 
age was 64 years. In Henderson’s® series 
of aneurysms, on the other hand, the high- 
est incidence was in the 31- to 50-year-old 
group; less than 3% were above age 61. 
It is noteworthy that none of our cases 
occurred in juvenile diabetics. In every 
case diabetic retinopathy was present. Ex- 
cept for Case 1, diabetes had been known 
to be present at least seven years. Most 
significant, it is felt, is the presence of 
other neuropathy in all of the cases in the 
recent history or early subsequent course. 
All of the above cases that survived re- 
covered complete function in less than two 
and a half months. The recovery following 
aneurysm, as Jaeger * points out, varies with 
the extent of damage. Small defects have 
been observed to disappear within a week. 
Nerves more extensively injured may not 
recover for as long as a year, and some 
50% recover incompletely or not at all. 
Walsh? is of the opinion that aberrant re- 
generation is a frequent aftermath of palsies 
secondary to aneurysm. Aberrant regenera- 
tion has never been reported following a 
diabetic lesion of an oculomotor nerve. Stiff 
neck or blood jn the spinal fluid in the 
presence of the aneurysm syndrome would, 
of course, be strong evidence against the 
diagnosis of diabetes. It is of interest that 
exophthalmos of a moderate degree does 
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Cases of Diabetic Neuropathy Simulating Aneurysm 
5th Nerve 


Anes- 
thesia 


+ 


Retino- 
pathy 


+ 


Arterio- 
gram 


X-Rays of 


Other Episodes 
Skull 


— 7th nerve palsy 5 yr. 
before 
Peripheral paresthesias 
Not done Opposite 3rd nerve pare- 
sis 8 mo. later 


not preclude diabetes—witness the exoph- 
thalmos which contributed to the mistaken 
clinical diagnosis in Case 2. 

In summary, it is felt that a case of 
diabetes which presents a classical aneurysm 
syndrome cannot always be differentiated 
from an intracranial carotid aneurysm with- 
out an arteriogram; however, given a patient 
of 60 years or older, with diabetic retinop- 
athy, a negative spinal fluid, and the ab- 
sence of a stiff neck, one is probably justi- 
fied in postponing carotid arteriography. 

Case 4.—Lymphatic leukemia or dia- 
betes 

A 72-year-old farmer was admitted to the 
Massachusetts Eye and Ear Infirmary with 
pain behind the left eye and over the left 
forehead, double vision, and ptosis of the 
left upper lid. The patient gave a history 
of sudden onset of diplopia six weeks 
previously. Four weeks later he developed 
pain about the left eye, and ten days before 
admission the left lid began to droop. The 
patient had had diabetes for 12 years and 
was taking 40 units of protamine zinc in- 
sulin. 

On examination it was noted that the left 
lid was ptotic and the left eye was deviated 
laterally, indicating that there was an ex- 
ternal third nerve paralysis. Opticokinetic 
nystagmus was poor to the right. Visual 
acuity was R. 20/20, L. 20/25. The pupils 
were normal and fields were full. There was 
a small hemorrhage in the left fundus. Ex- 
cept for the ocular signs, the neurologic ex-- 
amination on the day of admission was 
negative. Six days later.a paresis of the 
left sixth nerve was noted. A tentative diag- 
nosis of aneurysm of the intracranial portion 
of the carotid artery was made. 
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X-rays of the skull and electroencephalo- 
graphic studies were normal. The spinal 
fluid was clear, with an initial pressure of 
170 mm. of water. Protein was 51 mg/100 
ce; sugar, 124 mg/100 cc. There were 22 
lymphocytes per cubic millimeter. The 
Wassermann test was negative. Because of 
the abnormal lymphocyte count in the spinal 
fluid, a complete blood study was ordered, 
and 28,000 WBC per cubic millimeter were 
found, of which 85% were lymphocytes; a 
diagnosis of chronic lymphatic leukemia was 
made. The oculomotor defects improved 
markedly in the next three weeks. It was 
concluded that the presence of lymphocytes 
in the spinal fluid was indicative of a leuke- 
moid infiltration of the oculomotor nerves. 

Diamond ™! has shown that in over 90% 
of the cases of leukemia there is some in- 
filtration in the central nervous system, It 
is estimated that neurologic signs are pres- 
ent in 25% of these cases. An analysis of 
the records of 334 cases of leukemia in 
Boston by Schwab and Weiss ™ revealed an 
incidence of 20.5% of neurologic signs. The 
most frequently occurring signs were uni- 
lateral or bilateral palsies of the 7th and 
6th nerves, with less frequent involvement 
of the 5th, 8th, 9th, 10th, 11th, and 12th 
nerves. The spinal fluid was abnormal in 
75% of cases, showing increased cell count, 
increased protein, and decreased sugar. 

The cranial nerve palsy in Case 4 cannot 
positively be said to result from leukemic 
infiltration. The features of the case fit the 
criteria for a diabetic neuropathy as well. 

Case 5.—Meningioma 

A 65-year-old widow was referred to the 
neurologic service of the Massachusetts 
General Hospital with a diagnosis of intra- 
cranial aneurysm. Her left lid was ptotic, 
the left eye was relatively immobile, and the 
patient complained of having had intermit- 
tent left frontal headache and diplopia four 
years previously, which had been diagnosed 
as a “stroke.” The diplopia had persisted, 
and the headache had recurred intermit- 
tently. One and a half years before ad- 
mission the left lid began to droop; this 
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condition had progressed until on admission 
the left eye was nearly closed, 

Examination showed complete paralysis 
of the third and sixth nerves, partial paraly- 
sis of the fourth nerve, and partial involve- 
ment of all branches of the fifth nerve. 
There was an exophthalmos of 3 mm. of 
the left eye, which was attributed to weak- 
ness of the extraocular muscles, Visual 
acuity was R. 20/30, L. 20/70. The fields 
were normal. The fundi showed Grade I 
hypertensive changes consistent with a blood 
pressure of 190/110, Except for the cranial 
nerve defects, the neurological examination 
was negative. A spinal tap showed an initial 
pressure of 170 mm, of water. The fluid 
was clear, colorless, and contained 2 WBC. 
The protein was 28 mg/100 cc. Skull films 
showed generalized osteoporosis of the cal- 
varium and sella turcica. An electroence- 
phalogram was read as normal. A tentative 
diagnosis of aneurysm of the intracranial 
portion of the carotid artery was agreed 
upon, and arteriography was performed. No 
aneurysm was found. The internal carotid 
artery was noted to be displaced medially 
and upward, It is interesting that at this 
point a senior consultant pointed out that 
in a recent publication by Alpers and 
Ryan '* two cases of aneurysm had been 
presented “with this classical syndrome” 
which, in spite of negative arteriograms, 
proved upon exploration to be aneurysms. 
Special views of the sphenoid were ob- 
tained, which showed definitely increased 
density of the greater wing of the sphenoid., 
On review of the original films, the 
sphenoid density was verified. This infor- 
mation, together with the displacement of 
the carotid siphon, was regarded as diag- 
nostic of a meningioma. In view of the 
patient’s age and hypertension, removal of 
the tumor was deferred. The patient died 
five months later in “cardiac failure.” No 
autopsy was obtained. The patient's eye 
symptoms were unchanged prior to death. 

Case 6.—Glioblastoma 

A 42-year-old truck driver was admitted 
to the neurosurgical service of the Massa- 
chusetts General Hospital with a diagnosis 


185 


from the referring physician of subarach- 
noid hemorrhage. The patient had been well 
until three weeks previously, when he had 
had a sudden onset of severe pain in the 
left eye and left frontal region, followed 
by drowsiness and intermittent unconscious- 
ness. His condition had improved but his 
headache recurred intermittently, and so he 
was admitted to an outside hospital. A 
lumbar puncture was performed and showed 
xanthrochromic fluid under normal pressure. 
Left carotid arteriography did not reveal 
any abnormality. The patient was referred 
to the Massachusetts General Hospital for 
additional study. 

Examination showed minimum ptosis (the 
left lid was 2 mm. lower than the right) 
and diplopia indicative of paresis of those 
recti supplied by the left third nerve. The 
lateral rectus and superior oblique were un- 
affected. The left pupil was 2 mm. larger 
than the right and sluggish. Accommodation 
was diminished on the left. Vision was 
R. 20/20, L.. 20/20. Fields were full. The 
ocular fundi were not remarkable. The 
spinal fluid was bloody (83,000 RBC per 
cubic millimeter); the initial pressure was 
165 mm. of water; the total protein, 340 
mg/100 cc. The remainder of the neurolo- 
gical examination was negative. Because of 


the classical history and symptomatology, 
and in the face of a negative arteriogram 
from the referring hospital, the neuro- 
ophthalmological consultant made a_ tenta- 
tive diagnosis of “aneurysm with rupture 


at the bifurcation of the left internal 
carotid artery.” The neurological consultant 
suggested a thrombosis of a small pontine 
Additional skull films revealed 
thickening of the sphenoid ridge and 
destruction of the medial aspect of the 
lesser wing of the sphenoid on the right. 
Review of the plates from the previously 
performed arteriography showed anterior 
and upward displacement of the middle 
cerebral artery. An EEG suggested a tumor 
focus in the left frontal region. A_ third 
diagnosis of meningioma of the sphenoid 
ridge was added, An exploratory operation 
was performed and revealed a large glio- 


vessel, 
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blastoma multiforme coming from the an- 
terior inferior tip of the temporal lobe. The 
tumor had invaded the floor of the middle 
fossa and displaced the brain stem. Several 
membranes suggestive of hematomas were 
encountered, 

Case 7.—Unidentified tumor 

A 55-year-old man entered the Massachu- 
setts General Hospital with ptosis of the 
left upper lid. One year previously he had 
suffered headache and ophthalmoplegia of 
the left eye, from which he had recovered. 
Six months before admission, limitation of 
motion was again observed in the left eye. 
The extraocular paresis grew progressively 
worse. Two weeks before admission the left 
lid drooped. At this time the diagnosis of 
aneurysm of the intracranial portion of the 
carotid artery was made and the patient was 
referred to the Massachusetts General Hos- 
pital for treatment. On examination, the ex- 
ternal portions of the eye, apart from the 
muscles, were normal. Vision was R. 
20/30, L.. 20/50. The fundus was not re- 
markable. X-rays of the skull were initially 
read as negative. Review of the films, how- 
ever, showed destruction of the right clinoid 
process and superior aspect of the clivus. 
The diagnosis was changed to probable in- 
tracranial neoplasm, although aneurysm 
could not be ruled out. No treatment was 
undertaken at that time. Four months later 
the patient showed beginning involvement 
of the left fifth nerve. In another four 
months, x-rays showed destruction of the 
pituitary fossa and complete loss of the 
dorsum seliae and posterior clinoids. The 
following month a central scotoma was 
picked up in the left eye, and in the next 
four months vision was rapidly lost in this 
eye and optic atrophy appeared. One year 
later an upper temporal defect appeared in 
the right visual field. At this time an ex- 
ploratory operation was performed, and a 
tumor was found at the base of the brain 
adjacent to the sella. Because of much 
bleeding no biopsy was attempted. The pa- 
tient died postoperatively. 

Differential Diagnosis of Tumors.—In 
the three cases of tumor just presented, it 
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is of interest that a correct diagnosis was 
available from the x-ray films in every 
case but was not believed in view of the 
aneurysm-like symptoms, Displacement of 
the carotid siphon is usually present with 
a tumor simulating aneurysm and occurred 
in both of our cases in which arteriography 
was performed. The EEG was positive in 
only one case; however, in this instance it 
was localizing. Except in the presence of 
intercurrent subarachnoid hemorrhage, the 
symptoms tend to be progressive. None of 
our cases showed papilledema, and it would 
not be expected, because the lesion is not in 
an area in which it would early interfere 
with spinal fluid dynamics. (Papilledema 
with or without retinal hemorrhage is 
variously reported as being in 11% to 40% 
of aneurysms that bleed). 

Case 8.—O phthalmoplegic “migraine” 

An 11%-year-old girl was admitted to the 
neurologic service at the Massachusetts Gen- 
eral Hospital with left orbital pain, ptosis, 
and diplopia. Eleven days previously she 
had awakened with severe pain deep in the 
left orbit and was unable to open the left 
eye. When the lid was raised saw 
double. The pain had diminished prior to 
admission, but the paretic symptoms re- 
mained unchanged. The past history re- 
vealed that since the age of 2 years the 
child had had periodic pain lasting 3 to 48 
hours, behind the left eye, associated with 
These attacks had 
been decreasing in frequency as she grew 
older, but they had occurred eight times in 
the preceding two years. There had never 
been any paretic symptoms accompanying 
the attacks prior to the episode for which 
she was admitted. 


she 


nausea and vomiting. 


On admission, examination revealed the 
presence of a complete external and partial 
internal third nerve paralysis. The left pupil 
was mid-dilated and reacted sluggishly. The 
other cranial nerves were normal, and the 
remainder of the neurological examination 
was mid-dilated and reacted sluggishly. The 
was 166 mm. of water. There were 28 RBC 
per cubic millimeter in the spinal fluid, but 
no xanthrochromia; the cells were ascribed 
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to trauma resulting from the puncture. A 
complete medical study was essentially nega- 
tive. Skull films were normal. A presump- 
tive diagnosis of aneurysm of the internal 
carotid artery was made, and an arteriogram 
was performed, No abnormality of the ves- 
was found. The arteriogram was 
thought to be of good quality and to rule 
out aneurysm; moreover, 1114 years was 
considered an early age, although not 
unique,**"* for a congenital aneurysm to 
manifest itself. It was concluded that the 
case was either idiopathic ophthalmoplegia, 
of a type with a favorable prognosis seen 
in children, or ophthalmoplegic migraine. 

A month later the child had completely 
recovered. 

Case 9.—O phthalmoplegic “migraine” 

A 4%-year-old girl was seen as an out- 
patient with right-sided ptosis and paresis 
of those ocular muscles supplied by the 
third nerve. Ten days previously she had 
developed a headache over the right eye 
and had vomited, after which the right lid 
was noted to droop, This did not cause any 
great alarm initially, because it was the 


sels 


third occasion since the age of 2 years that 
the child had experienced this syndrome 
and in each instance the symptoms had 
resolved spontaneously within five days 
without complications. On this occasion, 
however, the symptoms persisted and con- 
sultation was sought. 

Examination showed a relatively com- 
plete third nerve paresis, with a dilated pupil 
which reacted poorly to light. There were 
no other significant neurological defects. It 
was noted that the mother had had migraine 
headache but never any ophthalmoplegia. A 


presumptive diagnosis of aneurysm of the 


internal carotid artery was made. The child 
was observed over the next month, and 
function was noted to improve steadily. 
Nevertheless, because of the typical an- 
eurysm-like quality of the symptoms and 
their recurrent nature, right carotid arteriog- 
raphy was performed; the cerebral vascular 
system was found to be normal. While the 
child was under anesthesia spinal fluid was 
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withdrawn, and this was also found to be 
normal. 

In view of the negative studies a diag- 
nosis was made of ophthalmoplegic migraine 
(cyclic oculomotor paralysis). A five-year 
follow-up revealed that the child continued 
to have similar episodes one to two times 
a year. They have become less severe as 
she grows older; the oculomotor paresis, 
particularly, is diminishing in severity. It 
has been noted that the attacks tend to 
occur in August around her father’s birth- 
day. 

Comment,—Ophthalmoplegic migraine is a 
rare entity, and, because it is a descriptive 
diagnosis and not an etiological one, the 
diagnosis should be made with caution. 
Dandy * described cases which were diag- 
nosed as migraine but which eventually bled 
intracranially and on exposure at surgery or 
autopsy were shown to be aneurysms. 

Nevertheless, the combination of recur- 
rent nausea and vomiting, lateralizing pain, 
and ophthalmoplegia is recognized in young 
persons as a syndrome which spontaneously 
remits as the child grows older. This is 
variously called ophthlamoplegic migraine or 
cyclic oculomotor paralysis. Walsh re- 
garded ophthalmoplegic migraine as a clin- 
ical entity characterized by periodicity of 
symptoms beginning in youth. The paresis 
lasts from a few hours to weeks or months 
and may be permanent. The third nerve 
is by far the most frequently involved. 
Walsh made a special point of the fact that 
the pupil is nearly always involved, as it 
was in both of our patients. He reported a 
case in a 13-year-old boy in whom. the 
symptoms began at 3 years of age. In all 
respects it was similar to Case 9 above. 

Harlowe ™ reported a case of ophthal- 
moplegic migraine in a 45-year-old woman 
who had had migraine-like headaches for 
eight years coincident with her menses. She 
had had periodic urticaria since the age of 
17. On one occasion she developed a uni- 
lateral third nerve paresis with pupillary 
involvement following a typical attack of 
migraine. Recovery occurred in four weeks. 
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The following case from the literature, by 
R. V. Coxon," is described in some detail 
because it is a typical aneurysm-like syn- 
drome, but of a source which we have not 
encountered, namely, hemorrhage into a 
pituitary tumor. 

A 29-year-old man was seized with sud- 
den headache referred to both 
temporal regions. Shortly thereafter he de- 
veloped diplopia. The symptoms persisted 
over the next two days, and he became 
progressively drowsy. He was admitted to 
Guy’s Hospital, and a spinal tap showed 
a protein of 170 mg/100 cc., 5 RBC, 28 
lymphocytes, and 8  polymorphonuclear 
leukocytes. No bacteria were found. Two 
days later a left ptosis appeared and ex- 
amination revealed a complete external left 
third nerve paralysis. The patient improved 
markedly in the next three weeks. Although 
x-rays of the skull showed enlargement of 
the sella turcica, a diagnosis of aneurysm 
of the intracranial portion of the carotid 
artery was favored, For this reason a left 
carotid arteriogram was performed. No 
aneurysm was found. During the night fol- 
lowing the procedure the patient developed 
respiratory embarrassment, and, though a 
large amount of blood clot was evacuated 
from the neck, he died. Autopsy revealed 
a walnut-sized tumor beneath the diaphragm 
of the sella, with evidence of a large hemor- 
rhage in its substance. 

It was recalled that the patient’s lower jaw 
had been noted to be large and the teeth 
widely spaced, but these features had been 
regarded as within normal limits. 

Pituitary adenoma without hemorrhage, 
but nevertheless simulating aneurysm of the 
carotid artery, has been discussed by Wein- 
berger, Adler, and Grant" in a report of 
14 cases. In six of their patients symptoms 
referable to the ocular and trigeminal nerves 
comprised the entire neurologic picture; in 
the remaining eight cases, while the symp- 
toms were present, visual field defects were 
also present, 
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Summary 
Although the syndrome of unilateral 
frontal headache and oculomotor paralysis 
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is oftenest associated with intracranial sac- 
cular aneurysm, especially when of abrupt 
onset, the syndrome may occur with other 
types of lesions. In the present paper three 
such cases are reported as due to diabetes, 
three due to paraclinoid tumor, one to leu- 
kemia, and two to the entity called ophthal- 
moplegic migraine. 

Some of the aids in differentiating the 
nonaneurysmal entity from the aneurysmal 
are as follows: The diabetic cases repre- 
sented an older age group and showed other 
evidence of diabetes. The tumor cases gave 
x-ray signs of erosion or extosis of the 
base of the skull and elevation of the carot- 
id siphon. The leukemic patient showed 
lymphocytosis in the spinal fluid and other 
of leukemia. The two patients 
with migraine gave a history of cyclical re- 
currence of the syndrome with quick and 
full recovery. Meningismus was absent in 
all. 

243 Charles St., Boston 14. 
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Heparin in Senile Macular Degeneration 


Preliminary Report 


SOL ROME, M.D., Los Angeles 


Recent investigations indicate that one of 
the major factors in the development of 
atherosclerosis is the state of the circulating 
blood lipids, or, more precisely, of the blood 
lipoproteins.’ Heparin apparently plays a 
major role in the degradation or intercon- 
version of lipoproteins from larger to 
smaller molecules, during their serum trans- 
port phase.** It has been postulated that 
endogenous heparin may be involved in a 
homeostatic mechanism controlling the se- 
rum transport phase of fat metabolism, sim- 
ilarly as insulin does in carbohydrate 
metabolism.® Because of its fat-clearing, 
or lipemia-clearing, action heparin is being 
used as an antiatherogenic agent; this rep- 
resents a new approach to the therapy of 
atherosclerosis. Engelberg? has suggested 
that heparin might be of value in the treat- 
ment of eye conditions associated with 
arteriosclerosis, Maumenee * reviewed some 
of the present concepts of the pathogenesis 
of atherosclerosis and concluded: “One en- 
couraging lead has emerged from the phar- 
macological treatment of arteriosclerosis 
{with injections of heparin]. There was 
great individual variation in the lipoprotein 
response to treatment, but in all cases there 
was an alteration in the serum in the direc- 
tion of normality. The latter clue should 
be of particular significance for ophthal- 
mologists who are interested in the treat- 
ment of senile macular degeneration.” 

Exclusive of articles dealing with its anti- 
coagulant action, which is not considered in 
this presentation, the following publications 
dealing with heparin were found in the 
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ophthalmologic literature. Bick and Wood ® 
established that heparin administered to 
sensitized rabbits prior to the injection of 
antigen protected the animals against uveitis, 
and in another study’ they demonstrated 
that heparin, given systemically, had a 
marked inhibitory effect on experimentally 
produced uveitis. Vannas' reported that 
local heparin treatment relieved pain in 
acute iritis and promoted resorption of re- 
cent posterior synechiae; in primary glau- 
coma intraocular tension was sometimes 
slightly reduced and heparin also seemed to 
contribute to the disappearance of fresh 
cataract masses. Vannas ' also treated five 
cases of arteriosclerotic retinopathy with 
50 to 100 mg. heparin daily, for periods 
of one to two weeks, in order to retard 
further progress of the disease; two cases 
showed certain improvement and a_ third 
one showed a still more pronounced effect, 
but on the whole the results are described 
as “not fully convincing.” Berlin’ used 
heparin in the treatment of diabetic retino- 
pathy, on the theory that early arterio- 
sclerotic signs are connected with changes 
in lipid metabolism ; after initial trials with 
an intravenous dose of 25 to 30 mg. every 
other day, medication was increased to 50 
mg. daily, for four to six weeks, and in 
some cases it was continued another few 
weeks ; whenever response had been positive, 
a second course was given after an interval 
of two to three months, to control further 
impairment. Of a total of 30 cases, only 6 
showed “rather convincing improvement,” 
which in two instances is described as “re- 
markable” ; in two additional cases macular 
changes disappeared. In the discussion of 
this paper, Vannas suggested that heparin 
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may be effective in diabetic retinopathy but 
not in arteriosclerosis; it was also stressed 
that in order to verify the effect of heparin 
a relatively large portion of the fundus 
should be studied in successive photographs. 
Mylius and Stark found an increase of 
8-lipoproteins in a series of patients with 
senile macular degeneration. A preparation 
of heparin for intravenous injection 
(Thrombophob), in doses of 100 mg. daily, 
was used for an average period of one 
month in 11 cases, 5 of which are listed 
as improved, 


Present Study 


In March, 1952, a study was begun to 
evaluate the effect of heparin on senile 
macular degeneration. The series consisted 
mainly of advanced cases in a routine office 
practice. Many of the patients had already 
lost the central vision in one eye, and in the 
other the vision had declined to 20/50 or 
less.» In a large percentage of this group 
previous treatment with vasodilators, iodides, 
and other lipotropic factors, such as 
Methischol * or sorethytan (20) monooleate 
(Sorlate) was without effect on the progres- 
sive loss of vision. The pertinent data of 
the 23 cases in this study are presented in 
chronological order, in Table 1. 


Method 


The dosage schedule arbitrarily used in 
this study was 100 mg. of the sodium salt 
of concentrated aqueous heparin (Lipo- 
Hepin, Darwin Laboratories) intravenously, 
twice weekly.t A series of 10 to 20 in- 
jections was given, followed by a two- to 
three-week rest interval. A few cases re- 
ceived 200 mg., subcutaneously in the fat 
tissue above the ‘iliac crest, but since no 
better results were obtained, use of the lower 
intravenous dose was resumed. Clotting time 
determinations were omitted because the 


*A preparation containing choline chloride, pL- 
methionine, inositol, vitamin By, and liver con- 
centrate, 

+Some of the heparin used in this study was 
donated by Darwin Laboratories, Los Angeles. 
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anticoagulant effect of this dose of intra- 
venous heparin is known to be limited to 
less than 12 hours. The patients were cau- 
tioned to avoid bruising or cutting them- 
selves, for instance in shaving, on the day of 
injection and were warned not to have minor 
surgical procedures scheduled on that day. 
All subjects, including those with advanced 
cardiovascular disease with or without hy- 
pertension, tolerated the treatment very well. 
The only contraindications to heparin ther- 
apy are active internal ulceration, chronic 
liver disease, and a hemorrhagic diathesis. 
No untoward reactions were noted in 
more than 1000 intravenous injections of 
heparin. Two patients complained of be- 
coming very “jittery,” and one of them 
refused further treatment because of this 
unpleasant sensation (Case 2). These ob- 
servations are in accord with the common 
experience that intravenous heparin is the 
safest of all anticoagulants. Nevertheless, 
an ampule of protamine was kept handy for 
intravenous administration as a_ heparin 
antagonist, but in this series no occasion 
arose for its use. The absence of untoward 
side-effects may be partially attributed to the 
selection of colorless concentrated (200 
mg/cc.) aqueous heparin; the reprocessing 
Taste 2.—Results of Intravenous Heparin in 
Senile Macular Degeneration 


Results* Cases, No. 
Markedly improved 
Moderately improved 4 
Slightly ‘mproved 4 
Stationary 4 
Worse 4 
Total 2% 


*Grading of improvement: I. Markedly improved—final visual 
acuity 20/40 or better. II, Moderately improved—final V.A. 
20/70-20/40 and an improvement of at least one line. III, Slightly 
improved —final V.A. less than 20/70 or an improvement of less 
than one line, IV, 8tationary—no improvement, but no decrease 
of vision. V. Worse--V.A. became worse during therapy. 


Taste 3.—Response of Various Types of Senile 
Macular Degeneration to Intravenous Heparin 


Predominant Marked Moderate Slight Station- 


Macular Improve- Improve-Improve- ary Worse 
Lesion ment ment ment 
Disetform 6 4 1 0 2 
(12 cases) 
Arterio- 2 4 3 
sclerotic 
(10 cases) 
Cystoid 1 
(1 case) 
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necessary for this concentration results in a 
more highly refined product.’ 


Results 


Table 2 presents a summary of the results 
arbitrarily graded into five groups, on the 
basis of corrected visual acuity. 

In Table 3 the results of treatment are 
broken down in accordance with the pre- 


dominant type of macular involvement. In 


this series of cases marked improvement was 

much more frequently obtained in the disci- 

form type of macular degeneration. 
Several illustrative cases are presented. 


Report of Cases 


Case 1.-A 50-year-old male truck driver 
was first seen in July, 1950; vision was 
20/30, corrected, both eyes. 
examination was negative ; media were clear ; 


External eye 


dises were normal, There was diffuse colloid 
degeneration (Tay’s guttate central choroid- 
itis) of both posterior polar areas, with 
very early disciform changes. Despite treat- 
ment with various vasodilators, iodides, and 
Methischol, the vision gradually diminished. 
One year later, in June, 1951, visual acuity 
O.D. 20/50, O.S. 20/70. Fundus 
photographs at that time (Figs. 1A and 1B) 


was 


show the colloid macular degeneration, the 
disciform involvement, and the beginning 
pigmentary changes in both macular areas. 
After another eight months, in February, 
1952, immediately before the start of heparin 
therapy, vision had further declined to 
O. D. 20/70, O. S. 20/100—1. The disci- 
form swelling of the macular regions had 
increased, and the pigmentary changes in 
both fundi were more marked (Figs. 1C 
and 1D). Heparin was administered intra- 
venously, at first 100 mg. every fifth day, 
for a total of five injections, after which 
the vision was O, D. 20/50, O. S. 20/70; no 
change could be seen in the fundus picture. 
Since there were no untoward side-effects, 
it was decided to modify the schedule and 
give two injections weekly. After three 
months of heparin therapy, vision was O. D. 
20/40, O.S. 20/50; there was still no 
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evidence of fundus changes. Heparin ther- 
apy was discontinued for seven months, at 
the end of which time vision had again 
diminished to O. D. 29/50, O.S. 20/100. 
Another of 10 injections, twice 
weekly, was given, with the result that 
vision in the right eye declined to 20/200, 
but in the left eye it improved to 20/70. 
Injections were continued for another three 
months, using the same schedule, and by 
that time vision had improved to O.D. 
20/100, O.S. 20/40. There followed an- 
other rest period of four months, during 
which left vision remained stationary while 
right vision declined to 20/200. A new 
series of injections was followed by another 
rest period of two months. Right vision 
had not improved, but left vision returned 


series, 


to 20/25— ; no new hemorrhages or other 
evidence of progression of the disciform 
process could be observed in either eye. 
there 
locally or systemically, the 


Since were no deleterious effects, 
schedule . was 
changed to 10 injections given in the course 
of five weeks, followed by a rest period of 
three weeks; this schedule was maintained 
After a total of 


approximately 120 injections over a period 


until September, 1955. 


of three and one-half years, corrected vision 
was O.D. 20/25+2, O.S. 20/25—3. 
Fundus photographs at that time (Figs. 1E 
and 11°) show the disappearance of the 


Figs. 1A and 1B (Case 1).—Right and left 
fundi, respectively, June, 1956, Colloid macular 
degeneration, disciform involvement, begin- 
ning pigmentary changes, bilaterally. 

Figs. 1C and 1D° (Case 1).—Right and left 
fundi, respectively, February, 1952, just before 
heparin therapy. Increase of disciform swelling 
and pigmentary changes, bilaterally. 

Figs. 1E and 1F (Case 1).—Right and left 
fundi, respectively, September, 1955, after ap- 
proximately 120 intravenous injections of heparin. 
Disappearance of disciform swelling and pigmenta- 
tion; marked diminution of colloid bodies in cen- 
tral areas; color of retina more normal. 

Fig. 2A (Case 17).—Right fundus, December, 
1955, just before heparin therapy. Paramacular 
disciform lesion indicated by arrow. 

Fig. 2B (Case 17).—Right fundus, February, 
1956, after 20 intravenous injections of heparin. 
Marked diminution of disciform lesion, with only 
a healed, slightly pigmented scar remaining ; almost 
complete disappearance of edema. 
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Figure 2A Figure 2B 


Figure 1A Figure 1B 
Figure 1C Figure 1D a 
Figure 1E Figure 1F 


disciform swelling and of the pigmentation 
in both fundi; colloid bodies in the central 
areas had markedly diminished, and the 
color of the retina was more normal. 

At first, the visual acuity in the right 
eye responded better to heparin therapy, but 
afterwards it declined to 20/200, and it 
remained at that extremely low level for an 
entire year; then it improved quickly and 
was in the end slightly better than in the 
other eye. Visual acuity of the left eye im- 
proved slowly, but progressively, and after 
one year’s therapy it remained above 20/40. 

Case 17.—A 68-year-old male business 
manager was first seen in October, 1955; 
corrected vision was O. D. 20/30+2, O.S. 
20/300. The patient reported poor left 
vision since childhood, but there was no his- 
tory of left esotropia and no anisometropia. 
External eye examination was negative ; 
media were clear; discs were normal. In 
the right fundus, below the superior 
temporal arcade, there was a poorly demar- 
cated disciform lesion, measuring one and 
one-half disc diameters and extending down- 
ward to the macula. In spite of treatment 
with vasodilators, iodides, and a preparation 
containing choline, inositol, and methionine 
(Lipotriad), corrected right vision di- 
minished within two months to 20/60+2; 
at the same time the paramacular disciform 
lesion in the right fundus had become more 
marked (Fig.2A).On Dec. 17, 1955, intra- 
venous heparin therapy, 100 mg. twice 
weekly, was begun. After 20 injections cor- 
rected vision improved to 20/25+2; the 
fundus photograph on Feb. 6, 1956 (Fig. 
2B) shows the marked diminution in the 
size of the lesion and the absence of edema, 
with only a healed, slightly pigmented scar 
remaining. 

Case 20.—A 61-year-old female clerk was 
first seen January, 1956; vision was O. D. 
nil, O. S. 20/400, corrected. External eye 
examination was negative; right pupil was 
fixed to light both directly and consensually ; 
left pupil, normal. There was right primary 
optic atrophy of 10 years’ duration, cause 
unknown; the left disc was normal. Oph- 
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6/1000 


Fig. 3A (Case 20).—Left visual field, Jan. 20, 
1956. Central scotoma for 6, 4, and 2 mm. targets. 


thalmoscopic examination of the left fundus 
revealed a beginning, incomplete retinal hole 
just below the fovea. Examination with 
the Zeiss slit lamp and the Hruby lens dem- 
onstrated the anterior retinal layers over- 
‘ying the cyst to be intact. The left visual 
field showed a central scotoma for the 6, 
4, and 2 mm. targets (Fig. 3A). Heparin 
therapy was initiated, with twice-weekly in- 
jections of 100 mg. On March 10, after 10 
injections, the cyst had disappeared and the 
macular region presented a more normal 
color and configuration, with a good foveal 
reflex. At the same time vision had _ re- 
turned to 20/30—2. The very center of the 
scotoma had cleared for the 6 and 4 mm, 
targets, but there still persisted a relative 
scotoma for the 2 mm. target (Fig. 3B). 
On April 4 the clear area in the center had 
extended into the periphery and only a 
crescent-shaped paracentral scotoma_ re- 
mained (Fig. 3C). Heparin treatment was 
terminated on May 4, after a total of 25 
injections; a field study at that time gave 
evidence of further diminution of the 
paracentral scotoma (Fig. 3D) ; visual acuity 
had returned to 20/25+1. 
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4/1000 
2/1000 


Fig. 3B 
10, 1956, after 10 intravenous injections of he- 
parin. In the very center the scotoma has cleared 
for the 6 and 4 mm, targets; paracentral relative 


(Case 20).—Left visual field, March 


scotoma for the 2 mm. target. 


In passing, it may be mentioned that in 
two cases (Cases 9 and 11) uncomplicated 
intracapsular cataract extraction was fol- 
lowed by progressive diminution of central 
vision in the operated on eye, due to early 
disciform changes with minute hemorrhages. 
Heparin therapy resulted in improvement of 
vision from 20/200 to 20/25 (Case 9) and 
from 20/60—3 to 20/30—3 (Case 11). 


Comment 


In this series the cases with disciform 
macular degeneration, which usually causes 
the most rapid and profound loss of central 
vision, showed the best response. A definite 
improvement and a delay in progress were 
also observed in the arteriosclerotic type of 
macular degeneration (Haab’s senile macular 
degeneration).’® This difference in the re- 
sponse between the disciform type of macu- 
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lar degeneration and the arteriosclerotic type 
may find its explanation in observations 
made by Verhoeff and Grossman *? and by 
Hobbs.’* Verhoeff and Grossman demon- 
strated in the eye of a 63-year-old man, 
enucleated for probable sarcoma of the 
choroid, that an irregular elevated area in 
the macular region was due to subretinal 
exudate of serum; they concluded that 
“disciform degeneration is due to some dis- 
turbance, possibly only temporary, in the 
choriocapillaris of the macular region, since 
[observations in these cases] show the pri- 
mary condition to be hemorrhage or serous 
exudation beneath the pigment epithelium.” 
They suggested that some cases of senile 
disciform macular degeneration and the ju- 
venile type of the lesion have probably a 
similar origin; in the senile form subretinal 
hemorrhages may occur because of asso- 
ciated atherosclerosis, whereas in the juve- 
nile type only serous exudate develops, 
which is usually absorbed, owing to more 


Fig. 3C (Case 20).—Left visual field, April 4, 
1956. The central area has completely cleared; 
only a crescent-shaped paracentral scotoma for 
the 6 and 4 mm. targets remains. 


how 
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Fig. 3D (Case 20).—Left visual field, May 4, 
1956, after 25 intravenous injections of heparin. 
The crescent-shaped paracentral scotoma for the 
6 and 4 mm. targets is still further reduced. 
favorable tissue response. In accepting this 
hypothesis, Duke-Elder '® cautioned that it 
is as yet unproved and rests on circum- 
Sennett 7° also considers 
central serous retinopathy and disciform de- 
generation of the macula as related if not 
identical conditions. Hobbs,'* in discussing 


stantial evidence. 


a case of senile disciform macular degenera- 


tion which responded to cortisone therapy, 
remarked that the findings of Verhoeff and 
Grossman provide “a link between the more 
usual senile cases associated with a hamor- 
rhagic exudate and a poor prognosis for 
central vision, and those in which an exu- 
dative macular lesion of good visual prog- 


nosis is seen in younger individuals.” 
Clinical evidence for the similarity of juve- 
nile and senile disciform macular degenera- 
tion is suggested by a parallel study now 
in progress. Intravenous heparin, in doses 
of 100 mg. twice weekly, was administered 
to patients with central serous (angiospas- 
tic) retinopathy; a certain degree of im- 
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provement had previously been obtained by 
the usual treatment methods, including the 
steroids; heparin therapy, started after a 
lapse of four to six months, during which 
no additional improvement had occurred, re- 
sulted in further marked recovery of visual 
acuity, with return to completely normal 
central vision and fields in some cases. 

The effect of heparin in these cases of 
senile macular degeneration may be due to 
any one or to a combination of its various 
actions. Aside from the well-known anti- 
coagulant effect,*" heparin exerts a fat-clear- 
ing action due to its influence on the 
physiological degradation of the serum lipo- 
proteins; because of this, heparin has been 
shown to have an antiatherogenic effect.** 
Furthermore, heparin resolves small mural 
thrombi, which may play a part in the 
development of Heparin 
also inhibits both the local and generalized 
Schwartzman reactions *; it is, furthermore, 
a vasodilator.*® In addition, injection of 
heparin increases the oxygen uptake in 
atherosclerotic patients and results in im- 
proved oxygen utilization *"; it is suggested 
that this is probably due to the dissolution 
of larger lipoprotein molecules. Macro- 
molecules have been shown to form films on 
the surfaces of the cells and the vascular 
intima,”*.** thus interfering with the normal 
metabolic exchange between the plasma and 
interstitial fluid. At the present time, the 
available experimental and clinical evidence 
would seem to indicate that the lipemia- 
clearing action of heparin and the absorption 
of fat films are the mechanisms responsible 
for the favorable results obtained in these 
cases. 

It is hoped that this preliminary report 
may stimulate further investigation on the 
effect of heparin in the treatment of senile 
macular degeneration, In the present series 
patients were followed with frequently re- 
peated determinations of visual acuity, 
fundus examinations, and campimetric stud- 
ies. At first heparin was administered only 
to subjects with moderately or far-advanced 
lesions; subsequently the therapy was ex- 


197 


tended to earlier cases, in some of which 
good results were obtained after a series 
of not more than 10 injections. In a few 
instances vision began to decline several 
months to a year after termination of treat- 
ment, but the peak of improvement was 
usually regained by a small series of booster 
injections. 

A definite improvement was obtained in 
more than half of the cases in this series. 
This result is particularly significant in view 
of the fact that many of the lesions were 
far-advanced. It is probable that a 
series consisting of earlier cases would have 
shown a much higher rate of improvement. 
At the present time it is felt that in con- 
sidering heparin therapy a distinction should 
be made between the arteriosclerotic and 
the disciform type of senile macular degen- 
eration. Since the arteriosclerotic type 
progresses more slowly, it may be advisable 
to rely on the usual treatment methods until 
central vision has declined to 20/40, before 
initiating heparin therapy. In the disciform 
type of senile macular degeneration, where 
the visual loss is often sudden and severe, 
heparin therapy should be instituted as soon 
as the condition is diagnosed. The fact that 
three cases in this series remained stationary 
and that in three other instances the visual 
loss progressed during treatment should not 
deter one from using heparin therapy. To 
quote Hobbs,'* “If the hitherto inevitably 
hopeless prognosis of macular lesions in 
older people can be altered in any degree 
by treatment this would appear to be an 
opportunity not to be disregarded.” 


Summary 

Twenty-three patients with senile macular 
degeneration are presented, in whom intra- 
venous heparin therapy was used, with mod- 
erate to marked improvement in more than 
half the number of cases. 

The method of administration is 
scribed, 

An analysis of the results is presented. 

Several possibilities of the mode of action 
of heparin in cases of senile macular degen- 
eration are considered. 


de- 
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Robert A. Sills, M.D., studied and followed 
many of the cases here presented; Fred E. En- 
green, Ph.D., helped in the preparation of the 
manuscript; Mr. Zolton Yuhasz, of the Estelle 
Doheny Eye Foundation of Los Angeles, took the 
many fundus photographs incidental to this study. 

1917 Wilshire Blvd. (57). 
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An Analysis of the General Type of Uniocular 


Rotations 


PAUL BOEDER, Ph.D., Southbridge, Mass. 


Introduction 


Much in the recent literature on oculoro- 
tations and Listing’s law is concerned with 
the “false torsion” that occurs in oblique 
positions of the globe and with removing 
the misunderstandings to which this concept 
has given rise. The emphasis has been on 
oculorotations around axes in Listing’s 
plane, and, with the aid of models and 
photographs of such, this type of oculorota- 
tion, from the primary position to any other, 
has largely been settled, although some con- 
fusion persists.! 

It is different with oculorotations starting 
from positions other than the primary 
position. Here misconceptions are - still 
deeply rooted—no doubt, because of the in- 
tricacy of analyzing the general case.?* 
Thus, for instance, Tschermak-Seysenegg,® 
who constructed several ingenious models in 
order to elucidate the simple case of oculo- 
rotations, states in regard to the movements 
around secondary axes, “Every movement 
other than a primary radial one, whether 
starting from the primary or a secondary 
position, has an axis of rotation which does 
not lie in the primary axis-plane, or List- 
ing’s. plane, and consequently has a com- 
ponent rotation about the line of sight. In 
other words, there is an automatic secondary 
effect of cyclorotation.” And Duke-Elder,® 
in summing up his discussion of oculorota- 
tions of nonconverging eyes, states, “We 
have seen that when the eyes start from the 
primary position, movements into any other 

position are not associated with true roll- 
ing *; and we have also seen that in move- 
ments from any non-primary position a 


Received for publication June 21, 1956. 
*It is clear that cyclorotations with respect 
to the primary position are meant here. 
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component of rolling enters into the kine- 
matics of the eyes.” 

Thus, on the one hand, the authors affirm 
Listing’s law—which demands for every 
position of the line of fixation an orienta- 
tion of the eyeball free of cyclorotation with 
respect to the primary position—and, on 
the other, they admit cyclorotations for less 
easily analyzable oculorotations. But List- 
ing’s law is either valid (then there are no 
cyclorotations), or there are cyclorotations 
(then Listing’s law is invalid). Surely, 
both assertions cannot be true at the same 
time. The inconsistency very likely arose 
because the elaborate mathematical treat- 
ments in the literature have somewhat ob- 
scured this subject. It is, however, possible 
to gain an insight into the mechanics of all 
types of oculorotations without an elaborate 
mathematical machinery, The object of this 
paper is to demonstrate this. 


Brief Review of Fundamentals 


In the theory of oculorotations the eye- 
ball is regarded as a sphere rotating around 
its center, which is fixed in the head. Rota- 
tion around the center means that only lines 
that pass through the center of the sphere 
can serve as axes of rotation. Thus, in a 
full rotation around a single axis, all points 
on the sphere, except the poles of the axis, 
describe circles which lie in planes perpen- 
dicular to the axis. The circle whose plane 
passes through the center of the sphere is 
called a great circle; a circle whose plane 
does not pass through the center of the 
sphere is called a small circle (Fig. 1). If 
any one of these circles is known, the cor- 
responding axis of rotation can be found 
by erecting, at the circle’s center, the 
perpendicular to the plane of the circle. 


UNIOCULAR ROTATIONS 


Fig. 2.—The primary position 
of the eye, in which the equa- 
torial plane is assumed to be a 


frontal plane. 


To study the movements of the eye one 
starts with the primary position, which is 
here assumed to be obtained when, with 
the head erect, the equatorial plane of the 
eye is a frontal plane, that is, when the 
line of fixation is horizontal and_ points 
straight ahead ¢ (Fig. 2). 

In the primary position, the line of fixa- 
tion begins at the posterior pole—also 
called occipital point—passes through the 
center of rotation, and pierces the sphere at 
the anterior pole. The planes that pass 
through the line of fixation intersect the 
sphere in great circles called meridians. 

The meridians and other* landmarks of 
the globe in its primary position serve as 
a background or reference system for the 
rotating globe. To identify the orientations 
of the moving globe (and, in particular, 
also the orientations of the retinal meridians 


+ In actual practice, the primary position, whose 
special significance in regard to oculorotations will 
become evident in what follows, must be deter- 
mined experimentally. 
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Fig. 1.—In a rotation of a sphere around an axis 
through its center, all points travel on circles that lie 
in planes perpendicular to the axi 


s. 
‘ 


ANTERIOR POLE 


OF FixaTion 


of the moving eye) with respect to this 
stationary background, a cross, consisting of 
a vertical and a horizontal arm, is firmly 
attached to the line of fixation at the anterior 
pole. The center of the cross, that is, the 
point of the line of fixation that moves on 
the reference globe when the eye changes 
fixation, shall also be called the fixation 
index-point. 


Listing’s Law 


The experimentally confirmed basis for 
vculorotations with fixed head is Listing’s 
law, which states: 

Every movement of the eye in which the line 
of fixation travels from the primary position to 
any other position is equivalent to a simple rota- 
tion round an axis perpendicular to the meridional 
plane that passes through the final position of the 
line of fixation. 

“Equivalent” means here that, regardless 
of the path by which the center of the 
cross may have reached the final position, 
the orientation of the cross is the same as 
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that which the cross would have assumed 
if its center, in a rotation round a single 
axis, had traveled along the meridian. From 
this follows: 

There is one and only one orientation of 
the eye for each direction of the line of fixation. 
This is Donders’ law, which preceded List- 
ing’s law. 

Positions on the horizontal and vertical 
meridians, so-called secondary positions, can 
be reached from the primary position by a 
rotation around the vertical or horizontal 
axis, respectively. These axes lie in the 
equatorial reference plane. Oblique posi- 


tions, so-called tertiary positions, can be 


FALSE TORSION 


PRIMARY 
POSITION 


reached from the primary position by simple 
rotations around axes lying in the equatorial 
reference plane intermediate between the 
vertical and horizontal axes. The equatorial 
reference plane is also called Listing’s plane. 

These rotations along meridians with cor- 
responding axes in Listing’s plane are dis- 
tinguished by the fact that they do not 
introduce cyclorotations with respect to the 
primary position, This is true for all 
meridians, even though for any tertiary 
position we have to accept the consequence, 
namely, that the cross is cyclorotated with 
respect to the objective vertical, that is, to 
the vertical great circle that passes through 
the tertiary position (Fig. 3). This cyclo- 
rotation has been called wheel rotation 
(Helmholtz), torsion (Duke-Elder), false 
torsion, and kinematic inclination (Tscher- 
mak-Seysenegg). Though the cross is defi- 
nitely cyclorotated with respect to the 
vertical great circle that passes through the 
tertiary position, this orientation neverthe- 
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less represents the only one of the eye free 
of cyclorotation with respect to the primary 
position.{ This will be clearly seen below. 


Examples of Hypothetical Cyclorotations 

The purest type of cyclorotation would 
occur if the only movement of the eye were 
a rotation around the line of fixation as 
axis, when the cross would rotate like the 
spokes of a wheel. However, there are, 
theoretically, simple rotations around other 
axes that have cyclorotational components. 
To demonstrate this important fact, consider 
all theoretically possible simple rotations— 
that is, rotations with a single axis each— 
from the primary position to a secondary 


Fig. 3.—Simple rotations around axes 
in Listing’s plane induce no cyclorota- 
tion with respect to the primary position, 
although oblique rotations induce “false 
torsion,” that is, cyclorotations with re- 
spect to objective verticals. 


position (Fig. 4). Through only two points, 
infinitely many circles can be drawn on the 
sphere, each circle representing a simple 
rotation round its corresponding axis. The 
angles which the arms of the cross make 


t Actually, it is meaningless to speak of cy- 
clorotation without stating the reference. Thus, 
the two statements (1) for each tertiary position 
there is a certain amount of torsion (or cyclo- 
rotation with respect to the corresponding objec- 
tive vertical) and (2) all positions of the eye are 
free of cyclorotation (with respect to the primary 
position) are both correct if the qualifications in 
the parentheses are added. Without these qualifi- 
cations, the statements are contradictory, and, 
therefore, have led to untold confusion. It is 
doubtful whether the introduction of a differentiat- 
ing term, torsion or false torsion, in artificial con- 
tradistinction to cyclorotation or rolling, has helped 
matters. It would have been more illuminating 
to avoid an extra term and simply to state the 
reference. In a discussion, this would have to be 
done only once, unless the reference is changed 
repeatedly. Thus in this paper, whenever cyclo- 
rotation is used without qualification, cyclorota- 
tion with respect to the primary position is meant. 
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Fig. 5.—The cyclorotation (indi- 
cated by the dashed cross at 1) 
induced by the hypothetical simple 
rotation along the great vertical 
circle from 2 to 3 is the same as 
that induced by the hypothetical 
simple rotation along the hori- 
zontal small circle from 2’ to 3. 


with the circle along which the center of 
the cross travels cannot change in a simple 
rotation. The result is that the cross would 
be tilted—cyclorotated—for all simple rota- 
tions from the primary to the secondary 
position except for the rotation along the 
meridian. 

In a further hypothetical example of “in- 
duced” cyclorotation with respect to the 
primary position, let the line of fixation 
rotate to a secondary position on the hori- 
zontal meridian, then along a vertical great 
circle to a tertiary position, and finally back 
along the meridian into the primary position 
(Fig. 5). Remembering that the angles 
which the arms of the cross make with the 
circle along which the fixation index-point 
travels cannot change in a simple rotation, 
we find that the cross arrives at the primary 
position—cyclorotated. Since the rotations 
along the meridians do not induce cyclo- 
rotation, it must have been induced by the 
hypothetical rotation along the great vertical 
circle. It should be noted that if there is, 
as in this example, no cyclorotation (false 
torsion) with respect to the objective verti- 
cal through the tertiary position, there is 
cyclorotation with respect to the primary 
position, and vice versa. 
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Fig. 4——Among all theoretically possible 
simple rotations of the globe from the primary 
position to a secondary (or any other) position, 
the rotation along the meridian is the only one 


that does not induce a cyclorotation with respect 
to the primary position, 


The same amount of cyclorotation would 
be induced if the line of fixation rotated 
first from the primary position to a secon- 
dary position on the vertical meridian, then 
along a small horizontal circle to the same 
tertiary point as before, and finally back 
to the primary position along the meridian, 
Here the resulting cyclorotation is induced 
by the hypothetical rotation along the hori- 
zontal small circle, in spite of the fact that 
its corresponding vertical axis lies in List- 
ing’s plane. 


The Solution of the General Problem 
of Oculorotations 


Listing’s law excludes all cyclorotations 
with respect to the primary position, pure 
as well as induced ones, and so the general 
problem regarding the movements of the 
single eye is to find those rotations that 
are free of cyclorotation with respect to 
the primary position. This thorny mathe- 
matical problem in spherical kinematics be- 
comes surprisingly simple if we seek the 
solution via a plane map of the globe, 

Let us make such a map by projecting 
from the occipital point, that is, from the 
posterior pole of the eye, onto a plane 
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which is tangent to the sphere at the an- 
terior pole (Fig. 6). This is the well-known 
stereographic projection which is used in 
mapping the points of the earth onto a 
plane, It is at once clear that the equator 
of the eye will give rise to a circle in the 
plane ; that the meridians, since their planes 
pass through the point of projection, will 
be straight lines through the center ; that, in 
fact, all circles through the occipital point 
(since their planes also pass through the 
point of projection) will give rise to straight 
lines in the plane, and that all circles not 
passing through the occipital point will not 


give rise to straight lines. 

It is not so obvious, but will be accepted 
here without proof, that all circles on the 
globe not passing through the occipital point 
will give rise to circles in the plane and 
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Fig. 6—A plane map of the 
globe in the primary position can 
be made by projecting from the 
occipital point onto a plane that 
is tangent at the anterior pole. 
The equator is mapped into a 
circle; all circles through the oc- 
cipital point are mapped _ into 
straight lines. 


that all angles on the sphere will be repre- 
sented without distortion in the map. 

Now, if the cross moves, in accordance 
with Listing’s law, from the primary posi- 
tion in a simple rotation along any meridian, 
it will always remain upright in the map; 
there is no cyclorotation with respect to the 
primary position. Referred to the map, 
Donders’ law reads as follows: For every 
position of the line of fixation, the cross is 
upright. If, in any tertiary position, this 
upright orientation of the cross is com- 
pared with the objective vertical through 
this position, that is, with a vertical great 
circle which is also a circle in the map, then 
the “false torsion” will show up in exactly 
the same angular amount as on the sphere 


(Fig. 7). 
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Fig. 7.—Listing’s law demands that 
the cross is upright in the map for 
all positions of the line of fixation. 
False torsion is the angle that the 
vertical arm of the cross makes with 
the circles that represent the objec- 
tive verticals in the map. 


In reference to the map, we can make 
further the following statement: Without 
violating Listing’s law, the eye can execute 
only those rotations which permit the cross 
to be upright at all points of the path. Let 
us consider any two points in the map. The 
simplest path that leads from one point to 
the other, without changing the upright po- 
sition of the cross, is the straight line con- 
necting the two points (Fig. 8). On the 
sphere, this straight line corresponds to a 
circle that passes through the occipital point 
and the two points that mark the two posi- 
tions of the line of fixations, that is, the 
two fixation index-points. Therefore, List- 
ing’s law, extended, is as follows: 

Every movement of the eye in which the line 


of fixation travels from one position to another 
is equivalent to a simple rotation round the axis 


Fig. 8.—In changing fixation from 1 to 2, cy- 
clorotation is avoided on those paths in the map 
that consist of line segments which, on the globe, 
correspond to arcs of circles through the occipital 
point. 
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of the circle that passes through the occipital point 
and the two fixation index-points. 


Helmholtz called the circles through the 
occipital point direction circles because they 
correspond to curves in the field of view 
that have apparent constant directions. The 
axis of rotation that corresponds to a direc- 
tion circle lies in Listing’s plane only if the 
circle happens to be a great circle, that is, 
a meridian. For all small direction circles, 
the corresponding axes are inclined to 
Listing’s plane.§ We should note further 
that only in rotations along meridians does 
the line of fixation remain in a plane; along 
all small direction circles the line of fixation 
describes a cone with its vertex at the center 
of rotation: 

A less direct way of traveling from one 
point in the map to another, with the cross 
in an upright position at all points of the 
path, is one which connects the two points 
by a series of small straight line segments 
(Vig, 8). Each of these line segments rep- 
resents a part of a direction circle, each 
of which has its own axis. In other words, 
the axis of rotation in the eye will have to 
change from line segment to line segment. 
Assuming that this change of axis can be 
executed by the eye with sufficient. fineness 

§ From the map, the axis of rotation corre- 
sponding to a direction circle can readily be located 
as follows: It lies in the meridian plane that is 
perpendicular to the line trace of the direction 
circle in question, and its inclination, a, to Listing’s 
plane is determined by tana = a/r, where a is the 
distance of the line trace from the center and r is 


the radius of the circle representing the equator 
in the map. 
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Fig. 9.—A, a simple rotation along a great circle (not a meridian) induces cyclorotation ; 
B, cyclorotation is avoided along line segments approximating the arc of the great circle (or 


any other curved path). 


and accuracy, the individual line segments 
could be smaller and more numerous, so 
that any conceivable curved path on the 
sphere can be followed by the index-point 
of the line of fixation. But it must be re- 
membered that this is accomplished exclu- 
sively by rotations along arcs of direction 
circles that correspond to the line segments 
in the map. 

As an example, let the two points indi- 
cating two positions of the line of fixation, 
not in the same meridian, be connected on 
the sphere by an are of a great circle. In 
the map, this great circle, since it does not 
pass through the occipital point, is repre- 
sented by a circle through the two points 
that represent the two positions. A simple 
rotation round the axis of the great circle 
would tilt the cross in the map (Fig. 94). 

However, it is nevertheless possible for 
the line of fixation to follow the path of 
the great circle by traveling along small 
arcs of direction circles approximating the 
great circle; in other words, by constantly 
changing the axis of rotation in order to 
avoid cyclorotation with respect to the pri- 
mary position (Fig. 9B). In the ideal case, 
the direction circle employed at a given 
point of a curved path is represented in 
the map by the tangent to the curve, and 
one can speak of an instantaneous axis of 
rotation at this point. On the sphere, this 
means that any curved path can be followed 
by the line of fixation, without cyclorotation, 
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provided the actual rotations are along di- 
rection circles that are tangent to the curved 
path. 

In short, the eye changes fixation only 
along circles through the occipital point. 

This restriction—this reduction of the de- 
grees of freedom of oculorotation from 
three to two—has the remarkable advantage 
of insuring, for every fixation of the globe, 
a reproducible orientation, free of cycloro- 
tations with respect to the primary position, 
no matter from which position and on which 
path the fixation is reached. 

American Optical Company. 
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Lens Metabolism as Studied with the Reversible 


Cation Shift 


III. The Effect of Lens Age (Size) 


DANIEL J. HEINRICHS, M.D., and JOHN E. HARRIS, M.D., Portland, Ore. 


There is evidence to suggest that the re- 
sponse of the lens to certain physiologic or 
metabolic stresses varies with the lens age. 
The observation is of more than passing 
interest. The immediate importance of such 
information concerns its application to vari- 
ous in vivo and in vitro experimental situa- 
tions. The ultimate value would conceivably 
stem from the application of such studies 
to an understanding of the senile process, 
specifically the senile cataract. Important 
among these observations are the following: 

First, the age of the lens influences its 
response in vitro to the physiologic stress 
induced by cold. If the isolated rabbit lens 
is refrigerated at 0 C, it loses potassium and 
gains and when  subse- 
quently incubated at 37 C, the sodium is 
excreted from the lens and the potassium 
reenters the lens, the movement of both 
cations being against a concentration gradi- 
ent. This migration of cations against a 
gradient is reduced in older lenses,’ 


sodium water; 


Second, there is suggestive evidence that 
the age of the lens significantly alters its 
responses to high glucose levels. Thus, the 
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age of the animal influences the develop- 
ment of diabetic cataract. The younger the 
diabetic animal the more rapid and certain 
the onset of cataract.2* At least one re- 
sponsible factor in the development of these 
cataracts is the carbohydrate plethora.* 

Third, while examining the effect of 
known metabolites of glucose on cation 
transport it became apparent that the re- 
sponse of the lens to the deprivation of glu- 
cose varied with the lens age. 

The suggestive observations that the lens’ 
response to various glucose levels varies 
with the lens age prompted the present 
studies of the influence of the glucose level 
on the cation transport in lenses of various 
sizes. 


Materials and Methods 


Fresh intact rabbit lenses were used 
throughout. Generally eyes were obtained 
from a rabbit meat company. They were 
enucleated immediately after death by de- 
capitation, placed in ice-cold saline, and 
transported to the laboratory packed in ice. 
With aseptic precautions, the lenses were re- 
moved within one hour of the death of the 
animal, Extraction was accomplished by 
incising and turning back the sclera, remov- 
ing the vitreous with a lens loop, and care- 
fully cutting the zonules with a sharp 
scissors. In this procedure particular care 
was taken to avoid touching the lens sur- 
face with the lens loop or scissors. The 
isolated lens, resting on its posterior surface, 
was placed in a sterile tube containing 3 ml. 
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of the appropriate medium.* The tubes were 
flushed with a mixture of 95% oxygen and 
5% carbon dioxide (95% nitrogen and 5% 
carbon dioxide when anaerobic conditions 
were imposed), tightly stoppered, and placed 
in an ice-bath at 0 C. After refrigeration 
for 40 to 44 hours one lens of each pair 
was analyzed immediately, while the other 
was transferred to a water bath at 37 C 
and incubated for an additional six hours 
before analysis. For the purpose of ex- 
position this experimental procedure 
listed as a “cation recovery” experiment. In 
other instances lenses were incubated at 37 
C directly for periods of 20 to 48 hours 
without prior refrigeration. 

For each analysis the lens was blotted 
lightly to remove surface moisture, weighed 
rapidly, and placed in a drying oven for 
48 hours at 105 C. The dried material was 
weighed and dry-ashed with the aid of a 
drop of concentrated sulphuric acid. For 
sodium and potassium determinations a 


is 


Baird Associates flame photometer with an 
internal standard was employed. 

Results of the recovery experiments are 
generally expressed as per cent recovery 
(Fig. 1).¢ This Figure provides a reason- 
ably adequate expression of the ability of 
the refrigerated lens to return to the nor- 
mal steady-state, that is, to regain its orig- 
inal sodium and potassium concentrations.® 


* Unless otherwise stated, the medium consisted 
of Tyrode’s solution modified to contain 148 mEq/ 
liter sodium, 5 mEq/liter potassium, 30 mEq/liter 
bicarbonate, and 200 mg/100 cc. glucose. The pH 
of the medium was adjusted to physiologic range 
(pH 7.32-7.48) and checked at the end of each 
procedure. Osmotic pressure of the medium was 
maintained constant at the equivalent of 315 
milliosmoles/liter as determined on a Fiske Asso- 
ciates osmometer. The sodium and potassium con- 
centrations of all media were checked by analysis. 

+ The formula for the determination of cation 
recovery is the following : 

per cent recovery= ce 


—C’ 
¢ oO 


where Ct, C*, and C' are the concentrations after 
refrigeration plus incubation at 37 C, the concen- 
trations after refrigeration alone, and the con- 
centrations in fresh lenses, respectively. 
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Cation Concentration No" 


Meq/i000 gm. woter Recovery 


123.7 
243 


75 


_ Fig. 1.—Schematic representation of the changes 
in cation concentrations of rabbit lenses during 
refrigeration at 0C and subsequent incubation at 
C. 


Results 


Variation of Cation Concentration of 
Fresh Lenses with Lens Age (Size).—The 
sodium and potassium concentrations of 
fresh lenses of varying size are indicated 
in Figure 2. No appreciable difference in 
cation concentration in fresh lenses was 
found in the size range studied. The figures 
for the water content are not indicated. 
They agree substantially with those of [ly.® 

Lens size is here recorded in terms of 
dry weight. The lens continues to grow 
throughout life, and the relationship between 
the age of albino rabbits and the size of 
the lens has been established.?’ By use of 
these data it can be computed that the age 
range here analyzed was from 4 weeks to 
12 months. 

The Effect of Lens Age (Size) on Cation 
Recovery in Vitro.—Lenses of various 
sizes were incubated in the modified Ty- 
rode’s solution. The extent to which the 
lenses recovered original cation concentra- 
tions during incubation at 37 C following 
refrigeration at 0 C was observed to be 
inversely proportional to the size of the 
lens. Sodium and potassium transport ap- 
peared to be equally affected. Thus, lenses 
obtained from 4- to 6-week-old albino rab- 
bits recovered completely the original cation 
concentrations, whereas lenses obtained 
from 4- to 12-month-old albino rabbits re- 
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covered approximately 50% of the original 
cation concentrations (Fig. 3). 

The Effect of Lens Age (Size) on Cation 
Recovery when Incubated in the Presence 
of High Glucose Concentrations.—Lenses 
of various sizes were subjected to the 
temperature changes in the usual manner in 
a medium containing 500 mg/100 ce. glu- 
cose. No exact correlation between the ef- 
fect of high glucose concentrations and the 


% recovery 


45-65 65/-85  865/-i05 105/-125 7125 
mgm dry weight 


Fig. 3.—Effect of lens age on cation recovery of 
rabbit lenses during incubation at 37 C following 
a cold-induced cation shift in a medium containing 
200 mg/100 cc. glucose. Each bar represents the 
average of at least 10 experiments involving 10 
pairs of lenses. 


Heinrichs—Harris 
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+ 
K 122.7 £ 1.9 Fig. 2.—Effect of lens 


No 23.5 4.2 age (size) on the con- 
centrations of sodium and 
otassium in fresh rabbit 
enses. Each figure ave 


123.2242.4 the average o 
east eight analyses. 
Not 26 + 4.2 
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K* 121.24 3.6 
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age of the lens was observed, although 
cation recovery was altered in each size of 
lens studied (lig. 4). The recovery of 
potassium concentrations was uniformly re- 
duced, while the movement of sodium was 
not reduced. Indeed, the final sodium con- 
centrations were less than those observed in 
fresh lenses. The results, therefore, demon- 
strated a sharp dissociation of the move- 
ment of sodium and potassium. 


45-65 65-65 65-105 105-125 
mgm dry weight 


Fig. 4.—Effect of lens age on cation recovery 
of rabbit lenses during incubation at 37 C follow- 
ing a cold-induced cation shift in a medium con- 
taining 500 mg/100 cc. glucose. Each bar 
represents the average of at least 10 experiments 
involving 10 pairs of lenses. 
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Fig. 5.—Effect of lens age on cation recovery 
of rabbit lenses during incubation at 37 C follow- 
ing a cold-induced cation shift in a medium devoid 
of glucose, Each bar represents the average of at 
least 10 experiments involving 10 pairs of lenses. 


The Effect of Lens Age (Size) on Cation 

Transport in Vitro in the Absence of Added 
Glucose.—Lenses of various sizes were in- 
cubated in the usual manner after refrigera- 
tion in a medium devoid of glucose (Fig. 5). 
Young lenses (obtained from 4- to 6-week- 
old albino rabbits) recovered their original 
cation concentrations to a certain extent 
during incubation at 37 C following re- 
frigeration at 0 C in the absence of added 
glucose, Older lenses (obtained from 4- to 
12-month-old aibino rabbits) were unable 
to recover their original cation concentra- 
tions to any significant degree. In no case 
was cation recovery as marked in the ab- 
sence of glucose as in its presence. Again, 
a dissociation in the movements of sodium 
and potassium occurred, as evidenced by 
the disparity in per cent recovery of sodium 
and potassium, When glucose was deprived, 
sodium recovery was markedly reduced in 
each lens size while potassium recovery was 
influenced to a lesser degree, especially in 
young lenses, when compared with results 
obtained when glucose was present. 

An analogous dissociation in cation trans- 
port was observed during the course of con- 
tinuous incubation at 37 C. In_ these 
experiments lenses were incubated at 37 C 
directly, without previous refrigeration, in 
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the absence of added glucose. In the ab- 
sence of added glucose, as incubation was 
continued the concentration of sodium in- 
creased (Fig. 6). When glucose was pres- 
ent the concentration of sodium remained 
substantially that of fresh lenses during 40 
hours of continuous incubation. The con- 
centrations of potassium in both instances 
tended to rise but were essentially the same 
at each time interval whether glucose was 
present or absent (Table). 

Cation Recovery in the Absence of 
Oxygen and Glucose.—Since cation trans- 
port is supported in young lenses in the 
absence of glucose under the experimental 
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Fig. 6.—Effect of continuous incubation at 37 C 
of paired rabbit lenses on the concentration of 
sodium, One lens of each pair was incubated in a 
medium containing glucose, the other in a medium 
devoid of glucose. Each point represents the 
average of at least 10 analyses. 


Effect of C. ontinuous Incubation at 37 C of Paired 
Rabbit Lenses on the Concentration 
of Potassium * 


Potassium, mEq./1000 Gm. Water 


Incubation, Hr. 
200 Mg./Glucose Without Added 
Glucose 
20 127.0 138.7 
24 133.1 130.0 
30 128.7 127.2 
40 144.0 1419 
45 132.4 99.5 


* One lens of each pair was incubated in a medium con- 
taining glucose; the other, in a medium devoid of glucose. 
value represents the average of at least 10 analyses. 
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Fig. 7.—Effect of lens age on cation recovery 
of rabbit lenses during incubation at 37 C follow- 
ing a cold-induced cation shift in a medium devoid 
of glucose under anaerobic conditions. Each bar 
represents the average of at least five experiments 
involving five pairs of lenses. 


situation, it seemed reasonable to assume 
that the required energy was derived from 
the oxidation via terminal aerobic oxidative 
pathways of some metabolite, perhaps lac- 
tate. To test this hypothesis the cation re- 
covery of lenses of various sizes was 
measured under anaerobic conditions in a 
medium devoid of glucose or any other 
source of energy. Cation recovery was ob- 
served to be abolished in all lens sizes stud- 
ied (Fig. 7). Sodium and potassium re- 
covery were equally affected. 


Comment 


The inverse relationship of cation re- 
covery to lens age in the presence of added 
glucose is of more than passing interest. 
The most obvious explanation of this find- 
ing is that the metabolic activity of young 
lenses is greater than that of the older ones. 
There is a good deal of evidence that this 
may be true. Glycolytic activity has been 
shown to be greater in young lenses.** The 
ability of aqueous extracts of lens homo- 
genates to metabolize hexose phosphate to 
triose phosphate is reduced in older lenses.” 
It has recently been shown that young lenses 
incorporate a greater amount of radioactive 
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phosphorus from the incubating medium 
than old (This increase is re- 
flected in a greater incorporation of P** 
into the inorganic phosphate and adenosine 
triphosphate (ATP) fractions as demon- 
strated by electrophoretic studies.’ ) 

In the final analysis, the immediate energy 
for cation transport must derive from the 
high-energy phosphates. In a recent study, 
the relationship between cation transport 
and the concentrations of the various phos- 
phate fractions in the lens was studied." 
No exact correlation between cation trans- 
port and the concentrations of the various 
phosphate fractions was observed. 

The thought that reduced cation recovery 
in older lenses is due to a reduced metabolic 
level is not free of objections. Major 
among them is the finding that the concen- 
tration of cations is not altered as age ad- 
vances, as would be anticipated. The most 
inclusive statement that can be made from 
the vantage of our present knowledge is 
that the older lenses are not as well able 
as young lenses to withstand the stress 
imposed by cold. The ability of younger 
lenses to recover from this stress may result 
from an availability of alternate metabolic 
pathways. The results obtained when glu- 
cose is deleted from the incubating medium 
are compatible with that view, since young 
lenses maintain cation transport to a cer- 
tain degree. Under the stress imposed by 
the experimental situation this demonstrated 
viability of the younger lenses may result 
from the fact that they possess alternate 
metabolic pathways, involving terminal oxi- 
dative pathways, which are not utilized by 
older lenses. 

Probably the most intriguing result here 
reported has been the clear-cut observation 
that separable sodium and _ potassium 
“pumps” exist. It has been the predominate 
opinion of those interested in the movements 
of cation across cellular barriers that the 
movements of sodium and potassium are 
equivalent and that the active transport of 
sodium alone is required. Previous studies 
of the erythrocyte,"7 and frog 
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muscle ** have essentially supported this 
thesis. It is apparent, however, from the 
present studies that the two may be sharply 
dissociated and that independent secretory 
movements of the two ions may coexist. 

Recent studies of other cells have per- 
mitted essentially the same conclusion. In 
particular, separate independent mechanisms 
regulating sodium and potassium distribu- 
tion in marine algae, both dependent upon 
cellular metabolism, have been reported.’® 
More recent examination of sodium and 
potassium movements in erythrocytes *° and 
nerve axons *! have indicated that although 
there is evidence for a coupling between 
the movements of sodium and potassium 
their movements are not rigidly linked and 
that a portion of the movement of each is 
independent of the other. 

Present studies would suggest that a 
similar situation prevails in the lens under 
the conditions of the experiments. A _por- 
tion of the movement of the two appears 
to be linked and the remainder independent. 
It is particularly interesting that the un- 
linked portion of potassium movements may 
not require glucose in younger lenses, 
whereas the independent movement of so- 
dium is definitely dependent upon an exo- 
genous glucose supply. 


Summary 


The concentration of sodium and potas- 
sium in the fresh rabbit lens was not ob- 
served to vary appreciably with lens age. 

The extent to which recovery of rabbit 
lenses to normal cation concentrations oc- 
curred during incubation at 37 C following 
a cold-induced cation shift was observed to 
bear an inverse relationship to the age of 
the lens. 

The extent of recovery of normal cation 
concentrations of rabbit lenses during in- 
cubation at 37 C following a cold-induced 
cation shift in a medium containing 500 
mg/100 ce, glucose was not observed to vary 
appreciably with the age of the lens. A 
dissociation in cation movements was ob- 
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served, potassium recovery being decreased 
as compared with sodium recovery. 

In the absence of glucose young rabbit 
lenses recovered to a certain degree their 
original cation concentrations following a 
cold-induced cation shift; in older rabbit 
lenses cation recovery was less appreciable. 
Cation movements were seen to be disso- 
ciated, sodium recovery being reduced to a 
greater degree than was potassium recovery. 

During continuous incubation at 37 C of 
rabbit lenses in a medium devoid of glu- 
cose, concentration of sodium increased. 
When glucose was added the sodium con- 
centration remained constant. Potassium 
concentrations were essentially the same in 
the absence of glucose as in its presence. 

Cation recovery of rabbit lenses of all 
sizes was abolished when they were incu- 
bated at 37 C following a cold-induced cation 
shift in a medium devoid of glucose under 
anaerobic conditions. 

It is concluded that (a) the different re- 
sponses of young as compared with older 
lenses may be due to the utilization of dif- 


ferent metabolic pathways by young lenses; 
(b) the active transport of potassium and 
sodium across the lenticular barriers may 
be at least partially dissociated. 

3181 S. W. Sam Jackson Pk. Rd. 
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The Treatment of Trachoma with Subconjunctival 
Injections of Chloramphenicol 


R. W. B. HOLLAND, M.B., Quetta, Baluchistan, Pakistan 


Chloramphenicol (Chloromycetin), ad- 
ministered either orally or as a 1% ointment, 
has been shown to be an effective therapeutic 
agent in the treatment of trachoma (Hol- 
land, 1954). The quickest and most effi- 
cient method of securing high tissue con- 
centration of the antibiotic for arresting the 
disease is a combination of local and oral 
treatment, 

This method also presents many advan- 
tages both in simplicity and ease of admin- 
istration, for there are few patients who 
cannot take 4 to 6 capsules of chlorampheni- 
col daily for 10 days and apply the ointment 
to their eyes four times a day for a month 
or two. But the main drawback to this treat- 
ment is its expense. If the capsules are 
omitted to reduce this expense, then the 
application of the ointment must be con- 
tinued for a minimum of five months. This 
prolonged treatment is enough to daunt 
many who have neither the patience nor 
the persistence to continue with treatment 
for longer than a month or two. Conse- 
quently, relapses are all too common, and 
the medicament, not the lack of persistence 
on the part of the patient, is usually held 
to blame. 

In Pakistan, most of the hospital patients 
with trachoma are poor villagers and towns- 
folk for whom prolonged or otherwise costly 
treatment is impractical. For these people, 
a low-cost, short-term treatment had to be 
devised that would ensure maintenance of an 
effective concentration of chloramphenicol 
in the affected tissues until the disease had 
been arrested. A subconjunctival injection 
of microcrystalline chloramphenicol seemed 
to be the ideal method of achieving this. 
Accordingly, a small-scale investigation was 
~ Received for publication July 27, 1956. 
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begun at our annual ophthalmological clinic 
at Shikarpur in January, 1955, to inquire 
into the effects of subconjunctival injections 
of chloramphenicol in active trachoma. 


Materials and Methods 


Since the supply of chloramphenicol for 
subconjunctival injection was exceeded 
many times by the number of patients suf- 
fering from trachoma, it was obvious that 
a rigid selection had to be made, Therefore 
only the most advanced cases of active 
trachoma were selected for this treatment. 
It soon became evident that the severity of 
the reactions subsequent to the injections 
might deter patients with early or mild cases 
from persisting with treatment and that we 
were right in reserving this rather violent 
method of treatment for those with really 
severe and active trachoma. 

It is important to emphasize that no col- 
lateral treatment capable of affecting the 
course of the disease was used. Antibiotics 
were not used orally, and surgical treatment 
was not employed. 

The first few patients were treated with 
a subconjunctival injection into the upper 
fornix of the eye, 0.5 gm. chloramphenicol 
suspended in 1 cc. of a solution of 1:2000 
dibucaine ( Nupercaine) hydrochloride. 
Owing to the violence of the reactions pro- 
duced, this dose was subsequently halved, 
but the reactions did not diminish. 

The following treatment was standardized 
later. The conjunctiva was anesthetized by 
instilling drops of an 0.5% solution of tetra- 
caine (Anethaine; Amethocaine; Ponto- 
caine) hydrochloride three times at three- to 
five-minute intervals, Then 1 gm. of 
chloramphenicol microcrystals was sus- 
pended in 2 cc. of a solution of 1:2000 
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of Data 


State on Admission Duration of Nature 
Case No. inieeiieme, Treatment, of Result 
Lids Cornea Days Reaction 


SS R. granular Pannus 5 
Grade 4 Grade 4 

8S L. granular Pannus 5 
Grade 4 Grade 4 

100 R. granular Pannus 4 
Grade 3 Grade 3 

100 L. granular Pannus 4 
Grade 3 Grade 3 

131 R. granular Pannus and 2 

Grade 3 ulceration 

Grade 3 

170 R. granular Pannus ~ 
Grade 3 Grade 4 

170 L. granular Pannus 8 
Grade 3 Grade 4 

548 R. granular Pannus 5 
Grade 4 Grade 4 

5A8 L. granular Pannus 5 
Grade 4 Grade 4 

Outpatient R. granular Pannus 2 
Grade 3 Grade 4 

Outpatient  L. granular Pannus 2 
Grade 3 Grade 4 

624 R. granular Pannus 3 
Grade 4 Grade 4 

624 L. granular Pannus 3 
Grade 4 Grade 4 

625 R. granular Pannus 1 
Grade 4 Grade 4 

625 L. granular Pannus 1 
Grade 4 Grade 4 

640 R. granular Pannus 1 
Grade 4 Grade 4 

640 L. granular Pannus 1 
Grade 4 Grade 4 

648 R. granular Pannus 2 
Grade 4 Grade 4 

648 L. granular Pannus 2 
Grade 4 Grade 4 

R. granular Pannus 3 
Grade 3 Grade 3 

64 L. granular Pannus 3 
grade 3 Grade 3 

Outpatient R. granular Pannus 1 
Grade 4 Grade 4 

Outpatient R. granular Pannus 1 
Grade 4 Grade 4 

Outpatient R. granular Pannus 2 
Grade 2 Grade 3 

714 R. granular Pannus 2 
Grade 4 Grade 3 

74 L. granular Pannus 2 
Grade 4 Grade 3 


dibucaine hydrochloride. Of this solution 


(containing 0.25 gm. of chloramphenicol) , 


0.5 cc. was injected subconjunctivally into 
the upper fornix of each affected eye. If, 
after a few hours, a painful reaction en- 
sued (which was usual), a saline wash was 
given and hot compresses were applied 
twice or thrice daily. In addition, atropine 
sulfate and 1% chloramphenicol were ap- 
plied in ointment form. Also, sedatives were 
administered by mouth. When the reaction 
had subsided, usually in three to six days, 
another injection was given. Treatment was 
thus continued until clinical arrest of the 
disease had occurred or until the patient 
requested permission to leave hospital. 


Holland 


21 Very Greatly improved (granules dis- 
severe ap lids smooth, =i 
in Itration greatly dimin 
21 Very Greatly improved 
severe 
17 Very Greatly improved 
severe 
17 Very Greatly improved 
severe 
4 Severe Improved; ulcer healed; left hos- 
pital without permission 
2 Severe Improved 50% 
20 Severe Improved 50% 
10 Severe Not improved 
10 Severe Not improved 
12 Extremely Greatly improved 
severe 
12 Extremely Greatly improved 
severe 
7 Moderate Improved 30% 
7 Moderate Improved 30% 
1 Severe Left hospital without permission 
1 Severe Left hospital without permission 
7 Extremely Improved 30%; left hospital with- 
severe out permission 
7 Extremely Improved 30%; left hospital with- 
severe out permission 
10 Extremely Granulations still grade 3; pannus 
severe greatly diminished 
10 Extremely Granulations still Grade 3; pannus 
severe greatly diminished; left hospital 
without permission 
Very Improved; 70% pannus; 30% gran- 
severe ules; left at own request 
7 Very Improved; 70% pannus; 30% gran- 
severe ules; left at own request 
8 Very Improved 30%; left hospital at 
severe own request 
8 Very Improved 30%; left hospital at 
severe own request 
7 Moderate Improved 30% 
6 Moderate Improved 30%; left hospital with- 
out permission 
6 Moderate Improved 30°; left hospital with- 


out permission 


Results 


Forty (80%) of the 50 eyes treated 
showed some improvement and in 22 this 
was considered to be spectacular (Table). 
Of those showing spectacular improvement, 
the average number of days between start- 
ing treatment and clinical arrest of the dis- 
ease (disappearance of symptoms such as 
granules on the lids and edema of the 
cornea) was 13 days. The shortest time was 
9 days, and the longest, 21 days. Shortness 
of time required to effect a clinical arrest 
of the disease is of great benefit to the 
average villager and a great saving of ex- 
pense in treatment. 
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Summary of Data—Continued 


State on Admission 


Case No. Injections, 
No. 


Cornea 


Pannus 
Grade 4 
Pannus 
Grade 4 
Pannus 
Grade 3 
Pannus 
Grade 3 
Pannus 
Grade 3 
Pannus 
Grade 3 
Pannus 
Grade 4 
Pannus 
Grade 4 
Pannus 
Grade 4 
Pannus 
Grade 4 
Pannus 
Grade 3 
Pannus 

ie 3 
Pannus 
Grade 4 
Pannus 
Grade 4 
Pannus 
Grade 3 
Pannus 
Grade 2 
Pannus 
Grade 2 
Pannus 
Grade 3 
Pannus 
Grade 4 
Pannus 
Grade 4 
Pannus 
Grade 4 
Pannus 
Grade 4 
Pannus 
Grade 3 
Pannus 
Grade 3 


717 


Ban 
Outpatient 
Outpatient 


Outpatient 
Outpatient 


Effect on the Granules.—Where, before 
treatment, the lids were lined with thick 
bright-red juicy granules causing very se- 
vere photophobia and lacrimation, after 
treatment the lids had become pink and 
smooth and the patients could open their 
eyes without difficulty and without lacrima- 
tion. Without having seen it, it would have 
been difficult to believe that this effect could 
be achieved in such a short time and with 
so few injections. 

Effect on the Pannus.—No treatment can 
cause vessels which have already formed in 
the cornea to disappear, but the injections 
diminished or cleared the cloudiness and 
edema of the cornea and transformed red 
photophobic eyes into white eyes reacting 
normally to light. 

Follow-U p.—Owing to the economic sit- 
uation of the average poor villager treated, 
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Duration of 
Treatment, 
Days 


Nature 
of 
Reaction 
Moderate 
Moderate 
Moderate 


Result 


Greatly improved 
Greatly improved 
Improved 30%; left at own request 
Improved 30%; left at own request 
Improved 30%; left at own request 
Improved 30%; left at own request 
Greatly improved 
Greatly improved 
Extremely 


severe 
Extremely 


Greatly improved 

Greatly improved 

Greatly improved 

Greatly improved 

Left hospital without permission 
Left hospital without permission 
Greatly improved 

Left hospital without permission 
Left hospital without permission 
smooth lids; 
smooth lids; 
smooth lids; 


Greatly improved; 
pannus Grade 2 
Greatly 


ade 

» Greatly improved; gate nearly 
smooth; pannus Grade 2 

Greatly improved; granules nearly 
smooth; pannus Grade 2 

Greatly improved; smooth lids; 
pannus Grade 3 

Greatly improved; smooth lids; 
pannus Grade 3 


Slight 
Slight 


who only with great difficulty is able to 
leave his home for a period of treatment, it 
is quite clear that none could return for re- 
All that can be said is that 
at the end of treatment it appeared that 


examination. 


‘the activity of the disease had been arrested 
completely. 

Side-E ffects—A total of 144 injections 
were administered, Of 27 patients, 1 had 
only a slight reaction from the injection, 9 
had a moderately severe reaction, and 17 
had a severe or extremely severe reaction. 
These reactions consisted in chemosis of the 
bulbar conjunctiva, edema of the lids, pain, 
redness, photophobia, and lacrimation. The 
reactions persisted for one to six days. Dur- 
ing this time, sedatives and hot compresses 
were administered and chloramphenicol 1% 
ointment was applied twice daily. 
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R. granular 17 
Grade 4 
717 L. granular 17 
Grade 4 
: 819 R. granular 17 
Grade 3 
a 819 L. granular 7 
Grade 3 
; 827 R. granular 7 
Grate 3 
a 827 L. granular 7 
Grade 3 
830 R. granular ll 
Grade 4 
L. granular ll 
Grade 4 
R. 10 
rade 
L. granular 10 
| Grade 4 -—— 
878 R. granular 13 Moderate 
Grade 3 
: : 878 L. granular 13 Moderate 
Grade 3 
R. granular 1 1 Severe 
Grade 3 
E 918 L. granular 1 1 Severe 
| Grade 3 
R. granular 2 9 Severe 
Grade 3 
R. granular 1 1 Severe 
Grade 2 
L. granular 1 1 Severe 
Grade 2 
936, R. granular 4 14 Moderate 
Grade 3 
937 R. granular 3 ll Moderate 
Grade 4 
937 L. granular 3 ll Moderate 
Grade 4 
MYT R. granular 2 13 Moderate 
Grade 4 
, MUL L. granular 2 13 Moderate 
Grade 4 
R. granular 3 
Grade 3 
a wt L. granular 3 9 
Grade 3 
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The interesting fact which emerged from 
treating those with severe reactions was not 
that some of the patients gave up the treat- 
ment and left the hospital but that, in spite 
of reactions, the improvement was so evi- 
dent to most of the patients (after each re- 
action had subsided) that they thought it 
well worth while to continue. Of 27 pa- 
tients, 9 left the hospital without permis- 
sion and the rest continued with treatment. 


Summary and Conclusions 


A series of 50 eyes in 27 patients were 
treated by subconjunctival injections of 
chloramphenicol, with use of the standard 
vials supplied for intramuscular injection. 

In 80% of the eyes there was some im- 
provement, and in 44% of these improve- 
ment was spectacular. 


The injections caused the disappearance 


of granules from the lids and edema from 
the cornea, and eyes previously angry and 
red in appearance became comfortable and 
white. 


The injections produced local tissue re- 
actions associated with pain, photophobia, 
and lacrimation. In 33.3% of patients this 
reaction was moderately severe, and in 63% 
of the patients it was severe or extremely 
severe, In spite of the severity of these 
reactions, 66.6% of the patients felt im- 
proved to such an extent that they persisted 
with the treatment. 

Duration of this treatment was short and 
cost was low in comparison with other 
forms of treatment. 

It is evident that chloramphenicol is a 
powerful agent against the causative or- 
ganism of trachoma. With the production 
of an injectable form which does not cause 
reactions, the method of treatment outlined 
above should prove an excellent method of 
treating trachoma in all its active stages. 

Dr. Eugene H. Payne, of Clinical Investigation, 
Parke, Davis & Company, supplied the Chloro- 
mycetin used in the investigations, and Sisters 
E. G. Stocken and K. Weatherhead and Mr. J. R. 
Coates provided the nursing care and observation 


under which the patients in this series were treated. 
C. M. S. Hospital. 


CORRECTION 


Through error, the name of Dr. Albert P. Ley was omitted from the announcement in the 
September issue of the ArcHives of the award of the $250.00 prize by the Section on Ophthal- 
mology of the American Medical Association to Dr. T. E. Sanders and Dr. Albert P. Ley for 
their paper entitled “Fungus Keratitis.” This award was made at the Section Meeting in 


Chicago in June, 1956. 
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Vascular Changes in Eyes of Diabetic Rats 


Alterations in the Anterior Segment 


RALPH G. JANES, Ph.D., and PHILIP P. ELLIS, M.D., lowa City 


In 1952 Janes, Bounds, and Leinfelder '* 
reported on cataract formation in alloxan- 
diabetic rats. At that time these authors 
observed intraocular hemorrhages in the 
form of hyphemas (with subsequent corneal 
vascularization) to have occurred in some 
of their animals. 

These studies have been continued, and 
to date 30 rats have been noted to have 
developed hyphemas with subsequent cor- 
neal changes. The animals have been killed 
at various times after the development of 
these complications. Studies of the ocular 
vascular system have been made following 
intravascular injections of neoprene latex * 
or India ink. This paper describes the gross 
and histological changes observed. 


Technique 

Long-Evans strain adult male rats were 
fasted for 48 hours and then given a sub- 
cutaneous injection of 115 mg. of alloxan 
per kilogram of body weight. As _ previ- 
ously, these rats were followed with regard 
to blood sugar levels, urine volumes, food 
intake, and body weight. Feedings consisted 
of Rockland rat ration or a synthetic diet 
complete with all essential food substances. 
In certain instances the diets were altered, 
and these instances have been indicated. 

Periodic examinations were made with 
direct light, ophthalmoscope, and _ slit-lamp 
to observe development of cataract, presence 

Received for publication July 23, 1956. 

This work was supported in part by Grant B-237, 
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of hyphema, and corneal vascularization.’ 

The method of the vascular injection was 
as follows: 15 to 20 minutes before the 
animals were killed 150 U. S. P. units of 
heparin sodium were administered intra- 
peritoneally. Under ether anesthesia the 
abdominal cavity and lower part of the 
thoracic cavity were exposed. The descend- 
ing aorta was isolated, and a glass cannula 
was inserted into it. The animal was al- 
lowed to bleed to death through the cannula. 
Then the animal was injected with pig- 
mented neoprene latex or India ink sus- 
pended in 5% reconstituted lyophilized 
human plasma, according to the technique 
described by Janes and Bounds.’ After the 
injection the vessel was tied off and the rat 
was placed in a fresh solution of 10% 
formaldehyde for 24 hours. The eyes were 
then enucleated and opened coronally near 
the ora serrata. The anterior segment of 
the eye was bleached in the usual manner 
with 3% potassium permanganate and 2% 
oxalic acid. After washing, the iris and 
ciliary body were separated from the other 
structures. The whole cornea and iris were 
mounted flat in glycerin jelly. Other eyes 
were embedded in paraffin and sectioned. 
Hematoxylin and eosin, Masson’s, and allo- 
chrome stains were used. Usually one eye 
of a particular animal was sectioned and 
parts of the other eye were prepared as 
whole mounts. 


Observations 


A. Gross Examination.—Corneal vascu- 
larization is rarely encountered in the nor- 
mal members of our colony of rats. The 
chronic diabetic animals, on the other hand, 
do show some iendency toward corneal vas- 
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Relation of Hyphema to the Diabetic State, Cataract Formation, and 


Blood 
Sugar, 


Approximate 
Duration of 
Diabetes, Mo. 


4 


5 
(on diet) 


5 
(on diet) 


5 
(high-potassium 
low diet) 


6 
(on animal fat 
diet a time) 


7 
( nein for 6 mo.) 
7 


8% 
(on veg. fat diet 
part time) 


10 
(on galactose 
part time) 
ll 24 


15 21 


dense, 2/3 ingrowth towar 


cularization, but such vascularization is usu- 
ally not very extensive. In the diabetic 
animals reported in the present study, four 
eyes, one from each of four animals, had 
corneal vascularization before there was any 
evidence of hyphema. In general, however, 
hyphemas preceded the corneal pathology. 

Furthermore, in all the rats in this series 
mature cataracts preceded the development 
of spontaneous hyphemas. The interval of 
time between the appearance of these ma- 
ture cataracts and hyphemas varied from 
4 weeks to 19 weeks (Table). Usually the 
rapidity of development of the cataracts and 
the hyphema paralleled the severity of the 
diabetes, as judged by the blood sugar levels. 
Preceding the hyphemas dilated iris vessels 
There 
appeared also to be some correlation be- 
tween the severity of the hyphema, the 
length of time the hyphema was present, 
and the degree of corneal vascularization. 
In one instance, an animal was killed two 


were observed in some of the rats. 
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Corneal Vascularization 
Length of 
Time with 
Av. Mature 
Mg./100 Ce. Cataract, Wk. 


Length of 

time with 

Hyphema 
1 wk. 


1 wk. 


Corneal Involvement* 


mild vascularization 
0.8. normal arcade 

O.D. mild vascularization 
0.8. normal areade 

0.D. normal arcade 

O.8. moderate vascularization 
O.D. dense vascularization 
O.8. dense vascularization 
O.D, mild vascularization 
0.8. normal arcade 

O.D. normal areade 

O.8. mild vascularization 


O.D. dense vascularization 
0.8. normal arcade 

O.D. moderate vascularization 
0.8. lost 


O.D. mild vascularization 
0.8. mild vascularization 
O.D. moderate vascularization 
O.8. moderate vascularization 
O.D. moderate vascularization 
0.8. normal arcade 

O.D. moderate vascularization 
0.8. dense vascularization 
O.D. moderate vascularization 
0.8. dense vascularization 


O.D. moderate vascularization 
0.8. normal arcade 

0.D. dense vascularization 
O.8. moderate vascularization 


O.D. moderate vascularization 
0.8. normal arcade 
O.D. moderate vascularization 
0.8. normal arcade 


* Degrees of vascularization: mild, 0-1/3 ingrowth toward pupillary margin; moderate, 1/3-2/3 ingrowth toward pupillary margin; 
pupillary margin to complete vascularization. 


days after the initial appearance of a 
hyphema. Even at this time there was a 
marked dilation of corneoscleral veins and 
the beginning proliferation of marginal cor- 
neal vessels (Fig. 2). The other eye of 
this animal, which showed no evidence of 
hemorrhage in the anterior chamber, had 
a normal cornea (Fig. 1). When the hem- 
orrhage was mild but of longer duration, 
the corneal vascularization was not so ex- 
tensive (Fig. 3). On the other hand, when 
the hyphema was very severe complete cor- 
neal vascularization occurred in one week 
(lig. 4). Many of the hyphemas increased 
the pressure in the eyes to the point where 
the anterior segment actually bulged for- 
ward. Because of this glaucoma, the cornea 
ruptured in two of the rats. None of the 
hyphemas showed a tendency toward clot 
formation, and it was possible in certain 
instances to see a red blood cell layer in the 
lower part of the eye and clear aqueous 
above. 
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Rat No. 
421 384 6 
156 588 10 Tepes 
0 wk. 
174 440 5 2 days 
3 wk. 
175 425 4 2 days 
441 390 
2 days 
424 9 4 wk. 
246 460 7 3 wk. 
1 wk. 
272 325 8 wk. 
316 462 12 wk. 
435 327 18 wk. 
436 584 “4 
6 wk. 
331 597 12 7 wk. ae 
1 wk. 
336 459 » 4 wk. 
416 544 wk. 
4 wk. 
425 214 wk. 
“a 
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Plate 1.—Whole mounts of corneas from diabetic animals. 

Fig. 1 (Rat 441).—O.D. Normal limbal arcade with few loops extending into cornea; 
(a) the arcade. 

Fig. 2 (Rat 441).—O.S. Limbal arcade very dense, with some proliferation. Corneoscleral 
vein greatly engorged. (b) Proliferation of vessels; (c) corneoscleral vein. 

Fig. 3 (Rat 416).—O.S. Proliferation of marginal vessels with some capillaries growing 
into cornea; (d) in cornea. 

Fig. 4 (Rat 331).—O.S. Complete corneal vascularization with dilated corneoscleral veins. 
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Secondary pupillary membranes were 
seen as hyphemas regressed (Fig. 7). How- 
ever, in most preparations this membrane 
was destroyed because of adhesions to the 
lens, the latter being removed during the 
preparation of the material. 

B. Histologic Studies.—The histological 
studies were made on whole mount prepara- 
tions as well as on sectioned material. «In 
the flat preparations vascularization of the 
cornea began in the form of fine capillary 
twigs extending toward the center of the 
cornea from the limbal arcade (Figs. 2 and 


Plate I1.—All 


(g) secondary pupillary membrane. 


pupillary membrane. (j) Choriocapillaris; 
Fig. 8 (Rat 416).—O. D. 
Major arterial circle; 
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with chronic diabetes. 

Fig. 5 (Rat 174).—O.S. Medial sagittal section. 
pupillary membrane; absorbing hyphema; 
capsule ; 

Fig. 6—Same as Figure 5, 
a structures to show more detail. 

Fig. 7 (Rat 331).—O. 5S. Whole mount of iris, showing engorged iris vessels and secondary 


engorged iris vessels. 


(k) ciliary body ; 
High-power view of iris, showing aneurysmal dilatation. (m) 
(n) aneurysmal dilatation. 


3). The degree of vascularization was ad- 
vanced in some corneas to the point where 
the entire cornea was covered (Fig. 4). 
some instances it was possible to trace a 
capillary running fromm an arteriole on one 
side of the limbus to a vessel on the oppo- 
site side. The amount of corneal vascular- 
ization of the various eyes studied is shown 
in the Table. 

The iris vessels appeared to be engorged 
in most of the whole mounts (Figs. 6 and 
7). In three eyes there appeared to be 
aneurysmal dilations near the major circle 


Vascularization of secondary 


(f) lens 


cornea ; 
(e) Corneal vessel; 


but high-power view of left side of anterior chamber and 
(h) Descemet’s membrane ; 


(i) iris. 


(1) secondary pupillary membrane. 
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(Fig. 8). Although undoubtedly this was 
caused by the pressure of the fluid which 
was being injected, it did indicate that the 
walls of these vessels were weakened as the 
result of the diseasé. Additional evidence 
that the walls of certain blood vessels were 
weakened was the fact that the injected 
medium was often found in the anterior 
chamber even though previously there had 
been no hemorrhage. As far as could be 
ascertained, there was no neovascularization 
of the iris proper. 

The sectioned eyes showed various de- 
grees of hyphemas. There was blood on 
the surface of the iris in the trabecular 
tissue and on the posterior surface of the 
cornea. Blood was found in the vitreous 
body in only two rats, Fine vascular con- 
nective tissue membranes frequently occu- 
pied most of the anterior chamber. These 
extended from the posterior surface of the 
cornea to the anterior surface of the iris 
and were particularly dense in the iris 
angle. Extensions from those on the iris 
formed the secondary pupillary membranes 
(Figs. 5 and 6). The corneas showed vari- 
able vascularization—from a few vessels 
growing in from the limbus to dense vascu- 
larization across the entire cornea (Figs. 5 


and 6). The vessels were more frequently 


seen near the anterior surface of the corneal 
stroma, but in dense vascularization the 
deep stroma was also involved. These ves- 
sels were very minute, and it would have 
been impossible to identify them as true 
vessels had not India ink been injected 
previously. The endothelium showed rather 
severe damage in many sections. 

The question of whether other factors 
besides diabetes per se might influence the 
appearance of hyphemas and corneal vascu- 
larization has been considered. Data from 
the following experiments, which have been 
carried out in this laboratory during the 
past few years, have been examined: (1) 
animals given a diet in which the sole source 
of fat was lard; (2) animals fed fat from 
vegetable oils; (3) animals given 60% of 
their carbohydrate as galactose; (4) ani- 
mals given subcutaneous injections of 40 
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mg. of cysteine twice daily; (5) a series of 
rats receiving a high-potassium low-sodium 
diet for two months, and, finally (6), a 
group of animals which were given isofluro- 
phate (DFP) topically applied to the eyes 
once a day for six months. Except for one 
of the experiments there appeared to be no 
increase or decrease of hyphemas or corneal 
vascularization during these studies, in 
comparison with control diabetic animals. 
However, the rats treated with isoflurophate 
seemed to be more prone to corneal vascu- 
larization, but not to hyphemas. 


Comment 


Corneal vascularization in experimental 
animals has been observed to follow various 
dietary deficiencies, trauma, edema, and bio- 
chemical alterations of the corneal tissue. 
According to Cogan,* edema is essential for 
the development of corneal vascularization. 
This theory postulates that, with swelling, 
the compactness of the corneal tissues is 
lost and this favors the ingrowth of new 
vessels. The role of hyaluronic acid in pre- 
venting vessel ingrowth and of hyaluroni- 
dase in preventing corneal vascularization 
has been studied. Different observers dis- 
agree as to its importance.®*® Ashton and 
Cook? summarized all theories of corneal 
vascularization into two main groups: (1) 
a process combining growth stimulation and 
positive chemotaxis and (2) destruction of 
growth-inhibiting substances or compactness 
of tissue. Their experiments led them to 
believe that corneal compactness was the 
main factor in prevention of development 
of vascularization. Langham * was able to 
produce corneal vascularization in six days 
by injection of alloxan into the anterior 
chamber of rabbits and also by topical appli- 
cation to the cornea. He did not report any 
hyphemas. 

In the present study two conditions would 
have favored alteration of the stromal com- 
pactness: (1) changes in the stromal fibers 
because of the diabetes and (2) damage to 
the cornea from glaucoma secondary to the 
hyphema. 
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It is felt that the hyphemas developed 
from ruptured iris vessels, even though it 
was impossible to find such vessels in histo- 
logical preparations. 


Summary 


Anterior segment hemorrhages and cor- 
neal vascularization have been observed to 
occur frequently in rats with severe chronic 
diabetes. Studies of the vascular system in 
the rat’s eye have been made following in- 
tra-arterial injection of India ink or neo- 
prene latex. The studies indicate that the 
iris blood vessels usually become engorged, 
dilate, and finally burst. The resultant 
hyphema and probable glaucoma interfere 
with the corneal metabolism sufficiently to 
allow ingrowth of new vessels. Posterior 
segment hemorrhages in the diabetic rat are 
rare. The vascular changes may be corre- 
lated with the severity of the diabetes rather 
than with the duration of the disease. 


Department of Anatomy, State University of 
Towa. 
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The Effects of Nutritional and Endocrine Factors on 


an Inherited Retinal Degeneration in the Mouse 


D. R. LUCAS, M.D., and J. P. NEWHOUSE, B.Sc., London, England 


Introduction 


In 1951, Briickner described a strain of 
albino mouse in which the outer nuclear 
layer of the retina was absent, thus resem- 
bling the classical “rodless” strain of Keeler 
(1924, 1926). Both conditions show a sim- 
ple recessive mode of inheritance and have 
been compared with human retinitis pig- 
mentosa. Sorsby, Koller, Attfield, Davey, 
and Lucas (1954) and Tansley (1954) re- 
ported that in Briickner’s strain the degen- 
eration of the outér nuclear layer began 
at about I1 days after birth, while differen- 
tiation of the retina was still in progress. 
Tansley (1934, 1936) had earlier discovered 
that among normal rats a maternal diet 
containing not more than 2y £B-carotene 
per day affected the retinae of the sucklings. 
Growth of the outer limbs of the rods was 
retarded, and thinning occurred at the junc- 
tion of the outer and inner limbs. Johnson 
(1939, 1943) showed that, in young rats 
fed on a diet highly deficient in vitamin A, 
the degeneration slowly spread to the other 
retinal layers until its effects had become 
irreversible by treatment with vitamin A. 
In view of these findings, Karli (1952) 
tested the effects in litters of the Brickner 
strain of a maternal diet rich in fat-soluble 
vitamins on the development of the retinal 
lesion during gestation and lactation, but 
without success. Since the diet only of the 
mother was supplemented in this work, it 
had to be assumed that any additive in- 
tended for the litter would be adequately 
secreted in the milk. 
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Nutritional control has occasionally 
proved successful in treating diseases with 
clearly defined hereditary features. Thus, 
restriction of certain constituents of diet 
in order to limit the accumulation of their 
unmetabolized intermediates has given fa- 
vorable results in phenylketonuria, diabetes 
mellitus, and Niemann-Pick disease. In dis- 
cussing the roles of heredity and environ- 
ment in the dystrophies with cataract, 
Buschke (1943) pointed out that many 
enzyme reactions depend on two main com- 
ponents: the apoenzyme, which is probably 
genotypically determined, and the coenzyme, 
usually of dietetic origin. Either might fail 
with similar results upon some important 
metabolic process in the tissues concerned. 
He illustrated his concept by reference to 
the relations between pernicious anemia and 
tropical sprue and exogenous and endoge- 
nous rickets, 

The object of the present work was to 
test the possibility that retinal degeneration 
in the mouseling could be influenced by the 
administration of a wide range of agents 
of biochemical importance before and dur- 
ing its development. Since the retinal lesion 
might follow the breakdown of some impor- 
tant enzymatic process, various coenzymes, 
vitamins, and intermediates of carbohydrate 
metabolism were included among the sub- 
stances tested; many amino acids and several 
hormones were also tried. Nerve cells are 
notably selective in their absorption of 
substances from the extracellular fluid, and 
large quantities of the chemicals under test 
were therefore administered in order (1) 
to correct any possible dietary deficiency 
and (2) to provide high tissue fluid con- 
centrations favorable to their penetration 
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into the retina. Substances were adminis- 
tered not only to suckling mice but also to 
their mothers, by parenteral or oral routes. 
An investigation of the effects of under- 
nutrition upon the developing retina was 
also made. 


Methods 


Animals.—All work was performed on an 
inbred colony of mice of the Brickner 
strain. Two or more litters, each numbering 
5 to 8 members, were used to test the effects 
of each substance. The adults received 
water and rat cake (with or without supple- 
ment) ad libitum, consumption being noted 
daily. Diet 41, the cubed rat cake in use 
(Associated London Flour Millers, Ltd.), 
is reported to contain 13.7% protein, 3.5% 
fat, 49.0% soluble carbohydrate, and 1.5% 
fiber (Bruce and Parkes, 1949). 

For histological examination, one or two 
animals from each litter were killed at 11 
days, an age when the lesion is just notice- 
able and any advance in normal onset most 
conspicuous. Since the tempo of the process 
is beginning to slow down at 17 days, the 
rest of the animals were usually examined 
at this age, so that any transitory delay 
would more readily be demonstrated. Some 
substances were studied in more detail by 
examining the animals at intermediate times. 

Treatment.—Substances to be tested were 
given either orally (to the mother) or sub- 
cutaneously (to both mother and litter). 

(1) Oral: Since litters are not weaned 
before three weeks, direct feeding of many 
substances is impracticable. The diet of 


Substance 


Casein, light white soluble_. ‘ 15.0 


Starch, wheat 67.0 
Arac his oil... 20.0 
Lecithin, egg (95 %- 100% 5.0 
Linoleic acid (linseed ofl | tatty acids) 5.0 
Marmite (yeast 20.0 
Nucleinie acid B. P. 1934 10.0 
Folic acid... 0.05 
L-Methionine_. 10.0 
L-Cystine_. 5.0 
L-Cysteine hydrochloride. 5.0 
L-Glutamice acid _. 15.0 
Sodium L-elutamate 15.0 
n-Propylthiouracil_. 01-04 
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TasBLe 1.—Oral Dosage in Adult Female Mice During Gestation and Lactation 


some mothers was therefore supplemented 
throughout pregnancy and lactation with 
various test substances to the greatest extent 
consistent with good health and attention 
to their litters. The degree to which these 
additives reached the offspring was naturally 
variable, but supplementation was primarily 
intended to correct any possible nutritional 
deficiency. 

The substances given orally, admixed 
with Diet 41, to adult females from mating 
until 17 days post partum are listed in 
Table 1. The proportion adopted of each 
additive, except perhaps of lecithin and the 
vitamins, was about the maximum tolerated. 
Animals were entirely dependent on the 
supplemented diet, consumption being little 
different from that of control animals on 
Diet 41 without additives. Maternal uptake 
of a supplement at any time can be approx- 
imately computed from the following data 
for the mean daily consumption (in grams) 
of Diet 41 in 24 control animals at various 
periods before and after the birth of 26 lit- 
ters comprising from five to eight offspring 
each (days before and after birth are indi- 
cated by minus and plus signs, respectively) : 
3.5 gm. (—21); 4.0 gm. (—14); 4.1 gm. 
(—7); 5.5 gm. (—2); 4.6 gm. (0); 6.2 
gm. (+2); 9.9 gm. (+7); 10.6 gm. 
(+10); 12.5 gm. (+14); 11.7 gm. (+16). 

The rat cake diet of three pairs of mothers 
was supplemented throughout gestation and 
lactation by 0.1%, 0.2%, or 0.4% (w/w) 
of n-propylthiouracil. The resultant off- 
spring, numbering 18 in all, were killed at 


12, 13, 14, or 17 days. 


Typical Maternal Consumption, Gm. 


Quantity Added = 
to Rat Cake, During During 


Gm./100 Gm. Gestation Lactation Total 
“4 30 M4 
33 Ww 127 
17 41 
5.0 8.3 13.3 
1,2 6.7 74 
15 42 57 
10 23 
0.005 0.090 0,005 
12 21 34 
5 7 12 
7 12 19 
“4 32 46 
15 
0.09-0.36 0.17-0.68 0.26-1.04 
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TaBLe 2.—Subcutaneous Dosage in Adult Female Mice and Their Litters During 
Gestation and Lactotion 


Dosage 
(Mg./Day) 
in Adults 

During 


Substance Gestation 


and 
Lactation 2 


Vitamin A alcohol in Arachis oi! 

Thiamine hydrochloride... . 

Nicotinamide 

Pyridoxine hydroc shloride 

Pantotheny] alcohol (Panthenol)_. 

D-Biotin 

-Aminobenzoic acid, sodium salt 

nositol (meso) . 

Choline chloride... 

Vitamin By s........ 

Vitamin B (Becosym). 

Liver preparation (Anahaemin) 

L-Ascorbie acid 

Disodium DL- e-tocophery| 

Aminoacetic acid 

DL-a-Alanine___. 

L-Serine 

L-Arginine monohydrochloride.. 

mono ydrochloride ‘monohyd- 

Dip Phenylalanine, sodium salt, 

pension 

DL-Tryptophan, suspension... 

L-Proline....... 

L-Methionine 

L-Cysteine hydrochloride 

Dimercapro! (in Arachis oil). 

Sodium lactate 

Sodium pyruvate 

Sodium fumarate 

Sodium citrate (trisodium dihydrate) 

Sodium succinate 

Sodium 

Sodium oxaloacetate...... 

Sodium aconitate _. 

Sodium hydrogen malate... 

Nuclete acid, sodium salt from yeast _. 

Nucleic acid, sodium salt from thymus... _. 

2,4- Dinitrophenol, sodium salt 

Glutathione 
5’-triphosphorie acid, sodium 
t 

Hexose 1,6-diphosphate, calcium salt (85%) 

Cytochrome c 

Diphosphopyridine nucleotide (95%) .. 


sus- 


SESE 


SS 


ess Ss 


At an early stage in this work it was 
noted that the characteristic development 
of the lesion somewhat _ retarded, 
though not halted, in certain treated animals 
that were much underweight. It was found 
possible to produce seven underweight lit- 


was 


TABLE 


Age During 


Substance Treatment, ———— 


Thyroxin, sodium salt... 
Methylthiouracil... 
Anterior pituitary extract (Antul- 
trin) (dosage in rat units) 
Epinephrine hydrochloride 
Sodium L-glutamate 
Sedium L-aspartate 
free acid) 
L-Glutamine... 


(dosage as 


Mean body weight and standard 
deviation of 5 control litters 
each of 5 animals 


1.81+0.14 


be 


Dosage (Mg.) in Litters 
on After 
t 


14,800 Dosage in i.u. 


a 


Poorly tolerated 


Dosage in ml. 
Dosage in ml, 


Poorly tolerated 


2 


B 


Poorly tolerated 


Poorly tolerated 
Poorly tolerated 


Dosage as free acid 


= 


Given daily in 
Given daily in 


2 
2 
Given daily in 2 
Given daily in 2 
Given daily in 2 
with vitamin A 
nicotinamide 


eee 


= 


ters by limiting the maternal daily intake of 
rat cake during pregnancy and lactation to 
about two-thirds of the mean consumption 
of a control group of 10 mothers who had 
brought up their litters satisfactorily on an 
unlimited rat cake diet; the uptake of the 


3.—F urther Substonces Daily Given )_ Subcutenconsly to Suckling Mice 


Typical Dose (Mg.) on Selected Days 


2.994+0.45 


10 
0.0020 
3.0 
2.24 

0.020 
20 

2.4 
12.0 


4424041 5.29+0.55 
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Remarks 
16 ‘Total 
40 
10 25 
30 0 
12.5 50 
12.5 
2.5 100 
25 
100 
65 
0.050 0.025 
0.40 0.10 
‘ 0.40 0.10 
70 10.0 
10 24 
: 50 70 
7.0 
10.0 
16.0 
5.0 
6.0 
: 4 42 
15 130 
1 22 
: 1.15 
165 
130 
100 97 
70 
182 
25 100 
25 75 
58 
50 75 
50 
: 25 63 
0.615 
10 43.6 
‘ 16.4 arts 
3.56 arts, 
: and 
Total 
ti ays 2 6 13 16 Mg. 
2-11 0.0010 0.0015 0.0180 
z 2-17 1.2 2.1 3.6 4.2 35 
2-15 0.24 1,12 3.20 i 17.7 
2-17 0.004 0.012 0.026 0.030 0.210 
: 2-17 4 12 26 30 250 
a 2-17 0.75 1.75 3.6 44 29 
Se 217 1.0 6.0 12.0 16.0 117 
= 
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latter group was similar to that already 
cited. 

These underfed animals varied in weight 
from 2.6 to 4.8 gm., at 17 days, thus over- 
lapping the normal range; the average 
weight and standard deviation were 3.61 
0.68 gm., i. e., 69% of the mean value for 
the 19 histological controls (5.21+0.95 
gm.). 

(2) Parenteral: The aim of treatment 
here was to provide the litter with the maxi- 
mum amount of supplement both before and 
after birth. Each substance listed in Tables 
2 and 3.was therefore injected subcutane- 
ously once daily to mouselings, usually from 
ages 2 to 16 days. Many of the substances 
in Table 2 were also given subcutaneously 
to mothers from the second week of preg- 
nancy until birth of the litter and often 
until 17 days later. In a few preliminary 
trials, the maximum dosages consistent (1) 
with successful birth and care of the litter 
by the mother and (2) with normal post- 
natal growth and development in the litter 
itself were approximately determined. Thus 
litters, aged 2 days, were given an arbitrary 
dose of a test substance, which was in- 
creased daily with growing body weight. 
Where members of the litter died or began 
to lose weight, dosage (milligrams per gram 
of body weight) was reduced daily by suc- 
cessive quarters until a tolerated level had 
been reached. This dosage was adhered to 
in subsequent trials of the supplement. Tol- 
erance to many substances appeared to 
increase with age, for overdosage was more 
common in litters aged 10 days or less than 
afterwards. With a few substances, e. g., 
biotin, a liver preparation (Anahaemin), 
and vitamin By2, volume considerations 
made it impossible to attain the maximal 
tolerated dosage in the litters. 

Substances were normally prepared in 
aqueous isotonic solution or suspension, 
buffered to pH 7.4, except vitamin A alcohol 
and dimercaprol (2,3-dimercaptopropanol ), 
which were dissolved in Arachis oil. Some 
of the less readily soluble substances, e. g., 
biotin, methylthiouracil, tryptophan, B-phen- 


ylalanine, and p-aminobenzoic acid, were 
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given as suspensions by solution in alkali 
and adjustment to pH 7.4 with phosphate 
buffer in the presence of a dispersing agent 
(sorethytan [20] monooleate [Tween 80] ). 
The amino acids given were of the L (+) 
series, unless this isomer was not available. 
Concentrations were adjusted to give injec- 
tion volumes of 0.2 to 1.0 ml. in adults and 
0.02 to 0.40 ml. in the litters. The mean 
body weights and standard deviations of 
five control litters, each comprising five 
members, and typical doses given on several 
representative days are detailed in Tables 
2 and 3. . 

Substances: Further particulars of some 
of the substances and the dosages given are 
as follows: 

Becosym (Roche Products Ltd.): a vita- 
min B-complex preparation, containing 
(mg/ml.) thiamine hydrochloride 5, ribo- 
flavin 2, nicotinamide 20, pyridoxine hydro- 
chloride 2, 

Anahaemin (British Drug Houses Ltd.): 
an active erythropoietic fraction of liver. 

Dimercaprol (injection solution BAL, 
Allen & Hanbury Ltd.): a solution in 
Arachis oil of 5% (w/v) or less. 

Antuitrin (Parke, Davis & Co, Ltd.): an 
extract of the anterior pituitary gland, con- 
taining the growth hormone, 8 rat growth 
units per milliliter, was given only to litters. 
Half of each litter received from 2 days a 
basic dosage of 0.25 rat units per day, with 
a daily addition of 0.70 rat units per gram 
increase in body weight; the untreated 
members of each litter served as controls. 
There was little difference in rate of growth 
between the groups until the 8th day after 
birth; between 8 and 13 days the mean 
weight of experimental animals rose by 
56%, that of controls by 34%. 

Methylthiouracil: given only to litters in 
aqueous suspension buffered to pH 7.4 after 
Half of each litter re- 
ceived 0.6 mg/gm, body weight per day, 
from 2 to 16 days, the others serving as 
controls. The mean body weight of experi- 
mental animals was 33% below the control 
value at 13 days and 14% below at 17 days. 
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2,4-Dinitrophenol, sodium salt: A daily 
dosage (litters only) of 0.015 mg/gm. 
body weight given to half of each litter 
caused the mean body weight of the test 
group to reach only 87% of the mean value 
for the untreated control group at 14 days. 
Animals were killed at 15 days. 

Epinephrine (Adrenalin) Hydrochloride: 
A 0.1% (w/v) commercial preparation di- 
luted by five times was used. The daily 
dosage (to litters only) was progressively 
raised from 0.0017 mg/gm. at 2 days to 
0.0060 mg/gm. at 16 days. 

L-Thyroxin, sodium salt: This substance 
was daily administered in aqueous solution 
to half the members of some 10 litters be- 
tween the ages of 2 and 9 days, the un- 
treated animals serving as controls. Dosage 
was usually 0.5y/gm. body weight, but in 
four litters it was raised to 5.0y/gm., with 
slightly more effect upon histological find- 
ings and fall in body weight. The effect 
of the higher dosage upon body weight was 
more difficult to reverse by suspension of 
treatment once a decline had begun. These 
findings are in accord with those of Me- 
Eachern (1935), who reported that in rats 
any dosage between 2.5y and 30y/gm. per 
day would produce loss of weight, asthenia, 
and, ultimately, death. In the present work, 
18 treated animals plus the untreated con- 
trols from the same litters were killed for 
histological examination at 11 days; the 
mean body weights and standard deviations 
for the two groups at this age were, respec- 
tively, 3.97+0.32 gm. and 4.77+0.95 gm. 
When treatment was begun at ages 2 to 3 
days, the daily gain in weight of the experi- 
mental animals began to fall below that of 
the controls at 7 to 8 days after birth. 

Sodium 1t-glutamate monohydrate: This 
substance was administered daily to some 
litters in quantities increasing by 1.5 to 
2.0 mg. per day, according to tolerance ; 
this scheme gives dosages of about 2.2, 4.0, 
4.5, 5.0, and 5.0 mg/gm. body weight at 
ages 2, 6, 10, 13, and 16 days, respectively. 
Several mothers (weight before mating, 24 
to 32 gm.) received 40 mg. sodium gluta- 
mate daily throughout pregnancy and lacta- 
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tion. The number of offspring involved 
when glutamate was given to mothers only 
was 14, to the litters only 19, and to both 
mothers and litters 41. The 53 survivors 
were killed at various ages between 5 and 17 
days for histological examination (cf. New- 
house and Lucas, 1957). 

Sodium L-aspartate: This substance was 
administered from birth to the mothers in 
quantities of 40 mg. per day and to the 
litters at dosages rising from 0.4 mg/gm. at 
2 days to 0.8 mg/gm. at 16 days (dosages 
given as the free acid). 

Histological Methods.—The eyes were 
fixed intact in acid Zenker’s fluid, dehy- 
drated through graded strengths of ethanol, 
and embedded in paraffin wax. In some 
cases the lenses were removed before em- 
bedding. Sections were cut through the 
globe in an anteroposterior plane and stained 
with Erhlich’s hematoxylin and eosin Y. 

Assessment of Results.—Assessment of 
the degree to which the timetable of de- 
velopment of this lesion had been altered 
was made on the basis of the number of 
rows of rod nuclei remaining in the outer 
nuclear layer and the amount of rod débris. 
Since the lesion develops more quickly in 
the area centralis, the number of nuclei was 
recorded both in this part of the retina and 
0.5 mm. from the ora serrata. As the orien- 
tation of the globe and plane of section were 
not standardized accurately, the method is 
only semiquantitative. 


Results 


Untreated Litters —To determine the ex- 
tent to which the rate of progress of the 
degeneration varied in different animals, 19 
affected animals (three litters) were killed 
at 17 days and the eyes examined histologi- 
cally. 

In all these animals there were one or 
two rows of rod nuclei centrally and two or 
three rows peripherally (Fig. 1); only 
traces of rod débris remained. The varia- 
tion encountered was thus relatively small 
and did not appear sufficient to invalidate 
the proposed method of assessing the results 
of various treatments. 
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Fig. 1.—Peripheral retina of untreated mouse of 17 days showing almost total loss of 
the outer nuclear layer. 


Fig. 2.—Peripheral retina of mouse of 17 days in undernutrition series, showing outer 
nuclear layer still intact. 


Fig. 3.—Area centralis of untreated mouse of 11 days, showing outer nuclear layer 
intact, but pyknotic nuclei are evident. 


Fig. 4—Area centralis of thyroxine-treated mouse of 11 days, showing advanced dis- 
solution of the outer nuclear layer. 


Fig. 5.—Area centralis of propylthiouracil-treated mouse of 14 days, showing outer 
nuclear layer intact but a few pyknotic nuclei appearing. 


Fig. 6.—Retina of mouse of 17 days treated with glutamate, showing almost total de- 
struction of inner as well as outer layers, 
The magnification is 290 in each Figure. 
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Litters of Underfed Mothers.—As al- 
ready mentioned, it was noticed that some 
litters in which the mother received large 
doses of vitamin A were very underweight 
and the retinal lesion was less than normally 
advanced, Since the degeneration com- 
mences at a particular stage of differentia- 
tion, any factor retarding differentiation 
might also delay the onset of the lesion and 
thus the extent of dissolution of the outer 
nuclear layer 17 days after birth. The ap- 
pearance would, in practice, be difficult to 
distinguish from a true retardation of de- 
generation in a retina differentiating accord- 
ing to the normal timetable. 

A total of 17 animals was examined his- 
tologically from seven litters in which the 
mothers were underfed as described. More 
than normal preservation of the outer nu- 
clear layer was noted in nine of these ani- 
mals. The degree to which this occurred 
in some is illustrated in Figure 2. The 
remaining eight animals showed interme- 
diate pictures merging into the normal range 
of variation, and some inverse correlation 
between body weight and preservation of 
the outer nuclear layer was apparent. None 
of the animals showing marked retardation 
of the lesion weighed over 4.0 gm., but, on 
the other hand, some animals of only 2.5 
to 3.0 gm. showed a relatively small devia- 
tion from the normal range. 

Treated Litters. — Thyroxin, thiouracil 
derivatives, glutamate, and aspartate are 
dealt with separately below. None of the 
litters treated with the other materials tabu- 
lated showed any degree of retardation of 
the lesion which was not accompanied by 
signs of malnutrition such as low body 
weight, e. g., litters treated with a-toco- 
pheryl phosphate were very weak and un- 
derweight and tended to show the picture 
described above. 

(1) Thyroxin: Histological examination 
of the eyes at 11 days showed that the 
retinal lesion was invariably more advanced 
in the thyroxin-treated animals. At 11 days 
there are normally eight or nine rows of 
immature rod nuclei, of which occasional 
ones show pyknosis. The rods themselves 
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are at a normal stage of development for 
this age. In the treated animals, the num- 
ber of rows of nuclei was reduced to be- 
tween three and five in the area centralis 
and pyknotic nuclei were abundant. The 
rods themselves were also undergoing dis- 
solution. The difference in a typical pair 
of treated and untreated littermates is illus- 
trated in Figures 3 and 4, 

Although the degree of advancement in 
not very great, it is perhaps more striking 
when contrasted with the tendency to re- 
tardation of the lesions seen in animals 
which are underweight because of under- 
nutrition. 

(2) Thiouracil Derivatives: The animals 
which received methylthiouracil, although 
slightly underweight compared with un- 
treated littermates, did not show a signifi- 
cant degree of retardation of the lesion. 
There was, however, evidence that the ma- 
terial was not readily removed from the site 
of injection, and oral treatment of the 
mothers with n-propylthiouracil, which is 
known to penetrate the placenta (Peterson 
and Young, 1952) and to be secreted in the 
milk (Fazekas and others, 1951), was there- 
fore undertaken. 

The animals reared by mothers treated 
with n-propylthiouracil showed retardation 
of the lesion varying in degree and merging 
into the normal range. Figure 5 illustrates 
a 14-day-old treated animal in which the 
lesion is only just evident. This particular 
animal was considerably underweight. The 
10 animals killed at 17 days averaged 4.13 
gm. ! weight, which is less than the control 
average weight of 5.21 gm. at this age but 
more than the average of 3.60 gm. in the 
undernutrition series. The findings in the 
n-propylthiouracil-treated animals were, in 
general, similar in degree to those of the 
undernutrition and other experiments in 
which there was failure to gain weight nor- 
mally. 

(3) Glutamate and Aspartate: When lit- 
ters were treated with sodium L-glutamate 
according to the schedule given in Table 3, 
it was found that the inherited retinal lesion 
developed normally but, in addition, the 
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inner retinal layers underwent dissolution. 
Sodium glutamate also affects normal mice, 
both suckling and adult, in a similar way 
(Newhouse and Lucas, 1957). In the ret- 
inal dystrophy mice, as in normals, there 
is progressive destruction of the inner nu- 
clear layer, ganglion cells, and both fiber 
layers during the course of injections. By 
11 days, when the genetic lesion normally 
commences, the inner layers are already 
considerably damaged in glutamate-treated 
animals, and by 17 days the retina is rep- 
resented by a thin layer of cells lying be- 
tween its limiting membranes (Fig. 6). 

Of the litter of four animals treated with 
sodium L-aspartate, two showed slight peri- 
pheral atrophy of the retina similar to the 
effect of aspartate on normal mice described 
elsewhere (Newhouse and Lucas, 1957). 
The genetic lesion was unaffected. 

Glutamine neither damaged the retina nor 
affected the progress of the hereditary 
lesion. 

Treatment of the mother alone with oral 
or parenteral glutamate neither affected the 
progress of the genetic lesion nor damaged 
the retina independently. 


Comment 


The substances administered in this work 
may be divided into six groups, namely: 
vitamins, intermediates of carbohydrate me- 
tabolism, amino acids (including certain 
sulfhydryl donors), hormones, and a mis- 
cellaneous group which included the gross 
nutritional constituents. 

Some of the substances tested, including 
vitamin A, a-tocopheryl phosphate, nicotin- 
amide, diphosphopyridine nucleotide, and 
hexose diphosphate, are believed to be con- 
cerned in rod metabolism, especially in the 
biosynthesis of retinene (Wald, 1953), but 
none influenced the progress of the lesion. 
Sodium iodacetate, a reputed inhibitor of 
sulfhdryl-dependent enzymes, induces visual 
cell necrosis in the rabbit (Noell, 1951) ; 
sulfhydryl donors, such as glutathione, cys- 
teine, and dimercaprol did not, however, 
mitigate the hereditary dystrophy. Nor did 
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substantial doses of various amino acids, 
apart from the sodium salts of glutamic and 
aspartic acids, influence the retina, While 
many of the substances tested are known to 
penetrate cerebral tissue, the possibility that 
some may fail to reach the visual cells of the 
retina in effective quantity cannot be ex- 
cluded. 

Three factors, namely, thyroxin, propyl- 
thiouracil, and undernutrition, affected the 
course of development of the lesion, but 
not its final outcome. Animals treated with 
thyroxin showed accelerated development, 
while those born and suckled by mothers 
treated with propylthiouracil or receiving a 
normal, but limited, dietary intake showed 
retarded development. Treatment with 
growth hormone, while causing increased 
bodily growth, did not advance the develop- 
ment of the lesion. 

Thyroid and Growth.-When thyroxin is 
administered to frog tadpoles, the appear- 
ance of the corneal reflex is advanced 
(Kollros, 1943) and the rate of growth of 
sclera and retina is enhanced (Tusques, 
1951). Hoskins (1927) has reported that 
regular treatment of normal newborn rats 
with acetyl thyroxin accelerates develop- 
ment of epiphyses, eyes, and skull without 
corresponding increase in body size. Con- 
versely, both dimensional growth and tissue 
maturation in many mammalian species 
(sheep, dogs, cats, rabbits, rats) have been 
retarded by thyroidectomy soon after birth 
(e. g., Dye and Maughan, 1929; Todd, 
Wharton, and Todd, 1938). In newborn 
rats, this treatment resulted in cretinism 
and delayed opening of the eyes (Salmon, 
1938, 1941; Scow and Simpson, 1945) ; hy- 
pothyroidism induced in similar animals by 
feeding the mothers with propylthiouracil 
had comparable effects, including develop- 
mental failure of the eyes (Fazekas, Graves, 
and Alman, 1951). 

Evans and co-workers, in studying the 
influence of endocrine factors upon growth 
in young rats, concluded that increases in 
body weight, visceral weight, and skeletal 
dimensions were mainly promoted by the 
pituitary growth hormone, whereas thyroxin 
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was concerned with effecting maturation of 
skeleton, hair, and endocrine glands; the 
optimal balance between these characteris- 
tics was obtained by a combination of both 
hormones (vans, Simpson, and Pencharz, 
1939; Scow and Marx, 1945; Scow, Simp- 
son, Asling, Li, and Evans, 1949; Ray, 
Simpson, Li, Asling, and Evans, 1950). At 
60 days, the brains and eyeballs of rats 
thyroidectomized at birth were somewhat 
lighter than those of controls of the same 
age, but, in proportion to the diminished 
body weight, they were two to three times 
heavier than normal (Scow and Simpson, 
1945; Scow and others, 1949), Administra- 
tion of growth hormone between 30 and 60 
days did little to correct the retardation of 
these organs ; only when thyroxin was given 
did the eyeball become round and the head 
assume its normal size and pointed outline 
(Ray and others, 1950). Nor did hypophy- 
sectomy at 6 or 28 days delay opening of 
the eyes or depress the weights of brain or 
eye, which are normally almost fully grown 
by four weeks (Walker, Simpson, Asling, 
and Evans, 1950; Asling, Walker, Simpson, 
Li, and Evans, 1950; Walker, Asling, Simp- 
son, Li, and Evans, 1952). Though the 
thyroid develops its characteristic structure 
in rats only three days before birth (Kull, 
1926), its importance to the development of 
the eye during the ensuing month is con- 
siderable. 

Eayrs and Taylor (1951), who produced 
hypothyroidism in rats by daily treatment 
from birth with methylthiouracil, obtained 
somewhat similar results. Both pyramidal- 
cell development and the appearance of cer- 


tain motor reflexes were delayed in these 
animals, 


Before 15 days growth of brain 
was more retarded than body growth, but 
between 15 and 24 days brain developed at 
a normal rate, whereas somatic growth rate 
was depressed, Since only the latter effect 
is reversed by pituitary growth hormone in 
thyroidectomized animals, these authors con- 
cluded that the action of thyroid deficiency 
of other 


upon brain is independent its 


effects. 


232 


A, 


M. A. ARCHIVES OF OPHTHALMOLOGY 


Thyroid and Respiration—The mechan- 
ism whereby thyroxin accelerates matura- 
tion is little understood. The more recent 
experimental evidence suggests that, unlike 
most other tissues, brain material removed 
from adult animals (mostly rats or guinea- 
pigs) treated with thyroxin or thyrostatic 
substances shows little or no change of in 
vitro respiration (Barker, 1951). However, 
in the young hyperthyroid rat, Fazekas and 
co-workers (1951) found that cerebral oxy- 
gen uptake measured in vitro began to rise 
sharply on the 7th day after birth instead 
of on the 10th, as in the control. By the 
30th day it was some 8 days ahead, and the 
adult value was reached—but never there- 
after exceeded—in 40 days instead of the 
normal 46. Thus the effect of thyroxin 
upon oxygen uptake in cerebral tissue is 
detectable only during periods of rapid 
differentiation. 

Effects of Undernutrition and Thiouracil 
Derivatives.—The effects of thyroid defi- 
ciency are closely reproduced in experi- 
mental animals subjected to any acute 
dietary deficiency, except perhaps scurvy 
(MeCarrison, 1921). Several groups of in- 
vestigators, who have exposed rats or 
guinea-pigs to acute or chronic undernutri- 
tion sufficient to reduce body weight by 
20% or 30%, have observed indications of 
hypothyroidism, including decreased weight 
and respiration of the gland, retention of 
colloid, involution of follicles, and sensi- 
tivity to administered thyrotropin ( Rabino- 
vitch, 1929; Stephens, 1940; Stephens and 
1940). Eayrs and Horn (1955) 
have observed that the growth of neuropil 
in rat brain is reduced in both inanition and 
thiouracil-induced hypothyroidism. Some of 
the consequences of undernutrition, such 
as anorexia, fall in metabolic rate, and de- 
of and 
thyroid activity, resemble those of hypophy- 
sectomy (Pomeranz and Mulinos, 1939; 
Mulinos and Pomeranz, 1940). On the basis 
of this evidence, it is therefore suggested 
that the retardation of the retinal lesion in 
the underfed mouse may well be the result 
of a reduction in thyroid activity. The re- 
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sults of propylthiouracil treatment upon 
body growth and retinal development are 
essentially similar to those of undernutri- 
tion. While the effects of the drug could 
be ascribed to direct interference with thy- 
roxin secretion, and those of undernutrition 
to hypothyroidism consequent on pituitary 
depression, no definite distinction is pos- 
sible on the present evidence. 

Behavior of Brain and Retina. — Far 
fewer studies have been made of retina 
than of brain, but since both consist of 
highly specialized nervous tissue it is not 
surprising that functional parallels exist, as 
follows: 

1. Retina has an even higher respiratory 
activity than cerebral cortex, and, like the 
latter, its principal source of metabolic 
energy is carbohydrate. 

2. Administration of thyroxin to adult 
rats does not have the significant effect in 
vitro upon glucose utilization in the retina 
(Kornblueth, Yardeni-Yaron, and Werthei- 
mer, 1953) or upon respiration in the brain 
(Fazekas and others, 1951) that it does 
upon tissues capable of a more flexible 
metabolic performance, such as voluntary 
muscle, 

3. Thyroidectomy in newborn rats de- 
presses the rate of growth of eyeball and 
brain much less than that of other organs of 
the body as a whole. 

Further aspects of retinal behavior, 
described in the present work, also con- 
form to the above parallel, in so far as 
comparative data are available, e. g.: 

1. Thyroxin enhances the progress of the 
degeneration in the differentiating retina in 
a manner comparable with the effect of the 
thyroid hormone on the maturation of the 
central nervous system in amphibia (Koll- 
ros, 1943). 

2. Pituitary growth hormone has no 
effect on either the degenerative process in 
mouse retina or on the somewhat retarded 
rate of development of brain and eye of the 
rat thyroidectomized at birth, though it ac- 
celerates somatic and cranial growth in 
both species. Thyroxin has a marked effect 
on both nervous tissues. 
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3. Though thyrostatic agents of the 
thiouracil type, administered before or after 
adult age is reached, have little or no effect 
upon cerebral respiration, either clinically 
(Sokoloff, Wechsler, Mangold, Balls, and 
Kety, 1953) or experimentally (Fazekas, 
1946; Fazekas and others, 1951; Barker, 
1951; Barker and Klitgaard, 1952), they 
undoubtedly delay maturation of both the 
eye and cerebral cortex of the rat (Fazekas 
and others, 1951; Eayrs and Taylor, 1951). 
A similar retardation of retinal maturation 
may account for the delayed onset of the 
lesion seen in some of the animals receiving 
propylthiouracil. 

It is possible that the level of thyroid 
hormone may regulate the time of onset of 
a specific phase of differentiation with 
which retinal degeneration is associated; in 
the normal tissue additional thyroxin merely 
hastens maturation, but in the affected 
retina degeneration supervenes, The mech- 
anism of the thyroxin effect is obscure; 
respiration is also augmented by dinitro- 
phenol, but the mode of action is different 
and this substance does not affect the retina. 
In rats, thyroxin has been found to promote 
conversion of carotene to vitamin A and 
thence possibly to rhodopsin, but this syn- 
thesis, which begins at about 12 days after 
birth, may not be essential to tissue survival. 
However, a notable rise in cerebral metab- 
olism is known to oceur during the second 
10 days after birth. Glycolysis gives way 
to respiration as the principal means of 
energy release from carbohydrate, while 
synthesis of phosphatides and _ proteolipide 
proteins increases sharply. The role of 
thyroxin in stimulating enzyme processes 
of this kind awaits further investigation. 


Summary 


Attempts were made to modify the course 
of a recessively inherited dystrophy of 
the visual cells of the mouse retina by ad- 
ministering large doses of various agents, 
including vitamins, hormones, amino acids, 
and intermediates of carbohydrate metab- 
olism to the animals from shortly after 
birth. 
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Undernutrition and n-propylthiouracil 
were found to delay and thyroxin to ad- 
vance the onset of the degenerative changes. 
The results are discussed in relation to what 
is known of the influence of these factors 
on the growth and maturation of nervous 
tissue. 

None of the other agents affected the 
course of the dystrophy, but sodium 


L-glutamate destroyed the inner layers of 
the retina, which are not affected in the 
dystrophy. 
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Mikulicz’s Disease of the Lacrimal Gland 


D. F. MILAM Jr., M.D., Boston 


Mikulicz’s disease of the lacrimal gland is 
a rare disease of unknown etiology. lour 
specimens of this disease, found in the files 
of the Eye Pathology Department of the 
Massachusetts Eye and Ear Infirmary since 
1896, are reported. 

Johann Mikulicz ! first described, in 1888, 
a chronic self-limited disease of unknown 
etiology involving the lacrimal and salivary 
glands. Clinically the patient presented 
painless swelling of the lacrimal, salivary, 
and palatine glands. No decrease in the 
function of these glands was noted: Indeed, 
Micro- 
scopic examination revealed the tissue of 
the submaxillary gland to consist primarily 
of small round cells. These cells lay close 
together or separated by a fine reticulum. 
Mitotic figures were seen in single large 
cells. Imbedded in the small round cells 
were apparently unchanged acini of the 
salivary gland. A similar picture was found 
on examining the lacrimal gland. This au- 
thor rejected as further examples of the 
disease he described other cases with swell- 
ing of the lacrimal and salivary glands of 
demonstrable etiology. 

There has been much confusion in ter- 
minology since the condition was first de- 
scribed, but, in general, the designation of 


copious salivation was described. 


Mikulicz’s disease has been reserved for 
disease of unknown etiology of the lacrimal 
and salivary glands. Where the nature of 
the disease 
the designation has been Mikulicz’s syn- 
drome. Even where the use of Mikulicz’s 
disease has been reserved for those cases of 


process could be determined, 


Received for publication June 11, 1956. 

From the Eye Pathology Laboratory of the 
Massachusetts Eye and Ear Infirmary. 

This study was supported by a grant from the 
National Institutes of Health, Division of Neuro- 
logical Disease and Blindness. 


236 


unknown etiology, it is probable from the 
microscopic description that more than one 
disease process has been included. Heath ? 
described a case of Mikulicz’s disease of 
unknown etiology, but his illustrations ap- 
pear more likely to be of sarcoid than of 
the condition pictured by Mikulicz. 

Morgan and Castleman, in 1953,* clearly 
described 18 cases of disease of the lacrimal 
and salivary glands which they believed to 
be the same disease originally described by 
Mikulicz. All of these were of unknown 
etiology and ran a clinically benign course. 
Each showed a typical histologic picture that 
permitted it to be readily separated from 
other lesions of the lacrimal and salivary 
glands. Some of these had previously been 
diagnosed as malignant tumors and treated 
accordingly. 

Gross examination of the tissue from the 
lacrimal and salivary glands showed either 
diffuse or local involvement of the gland 
parenchyma, The regional lymph glands 
were not involved. The microscopic findings 
were diagnostic and similar regardless of 
which gland or glands were involved. None 
of the typical histologic features described 
were found in specimens of lacrimal and 
salivary glands with disease of known eti- 
ology. These characteristic microscopic 
changes were (1) typical islands of epithe- 
lial cells, representing the remnants of the 
duct epithelium, buried in sheets of small 
round cells; (2) deposition of a hyaline 
material in and between the cells of the 
epithelial islands (the amount of hyaline 
material increased with the known duration 
of the case) ; (3) preservation of the inter- 
lobular septa even in advanced cases. 

Chronologically, the first evidence of the 
disease to be found in microscopic sections 
was the presence of lymphoid cells around 
the interlobular duct. Later the whole lobule 


it 
t 


MIKULIC2Z’S DISEASE 


was involved. The small round cells even- 
tually displaced all of the glandular ele- 
ments. Well-circumscribed lymph follicles 
were not present. Some lymphoid cells 
showed active mitoses. Eventually the only 
epithelial elements remaining were the epi- 
thelial and myoepithelial cells of the ducts. 
The epithelium lining the ducts in all cases 
showed characteristic changes. The nuclei 
became hyperchromatic; the cytoplasm, 
more basophilic. The number of nuclei 
within the duct epithelium increased, espe- 
cially those of the myoepithelial cells. There 
was piling up and loss of polarity of cells. 
Eventually the duct was obliterated by epi- 
thelial and myoepithelial cells. Cell bound- 
aries were indistinct, and the distinction 
between epithelial and myoepithelial cells 
was difficult. Infiltration of lymphoid cells 
between the epithelial cells was common. 
The remaining epithelial were 
called by the authors epimyoepithelial 
islands. Hyaline material was deposited in 
and about the epithelial cells of the islands 
of epithelial cells. 
stage of the disease, the interlobular septa 
were preserved and were not invaded by the 


lymphoid cells. 


elements 


Even in the advanced 


Clinical Material 


Material from four patients with enlarge- 
ment of the lacrimal gland was available for 


study. 

Case 1.—Male. Tumor of the lacrimal 
gland 18X29 mm. No further history 
obtainable. 


Case 2.—White woman 39 years old. 
High myopia, old corneal scars. Vision 
with correction 20/50 O. U. For five or 
more years right upper lid had been promi- 
nent. There had been difficulty opening 
O. D. This condition had remained static. 
In September, 1937, examination showed 
large nontender soft tumor under right 
orbital ridge extending back into the orbit. 
At operation a tumor composed of firm 
sticky tissue like dark grayish tapioca was 
uncovered. No definite capsule was present. 
Biopsy diagnosis was inflamed mixed tumor 
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of the lacrimal gland. Exenteration of orbit 
was refused. Local removal of tumor was 
accomplished. One month later a tumor 
was palpable in the region of the left lacri- 
mal gland. This gradually increased in size. 
One year later this was removed, At opera- 
tion a well-encapsulated grayish mass in 
the region of the lacrimal gland was en- 
countered and The pathologic 
diagnosis at this time was papillary crystad- 
enoma lymphomatosis, There has been no 
recurrence of the disease. Both eyes have 
been dry since the operation. 

Case 3.—Fourteen-year-old boy. For one 
and one-half years a mass had been present 
in the right upper eyelid. Vision was 20/20 
O. U. Ocular examination was entirely nor- 
mal. Six years previously he had developed 
right submaxillary gland hypertrophy that 
resulted in a ranula three years later. At 
operation, a mass above the lateral canthus, 
in the region of the gland, was removed. 
Gross examination of the cut surface re- 
vealed glistening tan lobulated surfaces. 
Histologic diagnosis was Mikulicz’s disease 
of the lacrimal gland. 

Case 4.—Negro woman, 55 years old. 
For one year O. D, had been more promi- 
nent than O. S. Exhaustive x-ray and lab- 
oratory studies were negative. Vision O. D. 
was 20/30, and vision O. S. was 20/20. 
The exophthalmometer readings were 23 
O. D., 17 O. S. There was limitation of 
ocular movement O. D. in all fields, There 
was a palpable tumor in the region of the 
right lacrimal gland. The eye was not dry. 
At operation a soft encapsulated lobulated 
tumor was found. Biopsy specimen showed 
typical findings of Mikulicz’s disease. One 
month after operation the proptosis had 
largely disappeared. 


removed. 


Pathology 


The microscopic picture in the four cases 
presented above was similar in all respects 
to the cases of Mikulicz’s disease described 
by Morgan and Castleman.* Dr. Morgan* 
reviewed the microscopic slides in the pres- 
ent cases and concurred in the diagnosis. 
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Fig. 1 (Case 3).—Sheets of small 
round cells, remaining acini, interlobular 
septa spared. Hematoxylin and eosin; 16 
mm. objective. 


Case 2 was included in the studies by Mor- 
gan and Castleman. 

In all four cases the glandular elements 
were largely replaced by sheets of small 
lymphocytes with scanty cytoplasm and a 
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Fig. 2 (Case 3).—Epimyoepithelial islands. Hematoxylin and eosin; 16 mm. objective. 


large nucleus with bunched chromatin. Oc- 
casionally an immature lymphocyte was 
seen. A rare mitosis was seen. No germinal 
centers were found. The lobular arrange- 
ment of the gland was maintained. The 
septa were not invaded by the lymphoid 
cells. Lobules showing early involvement 
were found in close proximity to those al- 
most destroyed by the disease. Where the 
involvement was more marked, only the 
ducts were left. The epithelial and myoepi- 
thelial cells of the ducts showed an increase 
in the number of nuclei, loss of polarity, 
indistinct cell boundaries, and infiltration 
with lymphocytes. The basement membrane 
around the ducts was still prominent at this 
stage. In a more advanced stage the epi- 
thelial remnants persisted as islands of 
epithelial and myoepithelial cells in a sheet 
of small round cells. At an early stage 
hyaline material was seen in and around 
the cells of the epithelial islands. This be- 
came prominent in some epithelial islands. 
In Cases 2 and 3 there was hyalinization of 
the stroma. 


Comment 


The histologic picture of Mikulicz’s dis- 
ease as described by Morgan and Castle- 
man * is characteristic, and, once recognized, 
it should be readily differentiated from 
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Fig. 3 (Case 2).—Epimyoepithelial islands. Hematoxylin and eosin; 16 mm, objective. 


chronic inflammation, adenocystoma lymph- 
omatosum, leukemia, lymphoma, ‘and mixed 
tumors of the seromucinous glands. No 
etiology is known for this disease. Some 
authors ** feel that disease of the epithelial 
structures is primary, the lymphocytic in- 
filtration secondary. 

In the original case described by Mikulicz, 
the lacrimal, salivary, and palatine glands 
were involved. Mueller ® 


® recently diagnosed 
this condition in a mass on the epiglottis. 
He believed that this arose from the sero- 


mucinous glands in this location. Small 


Fig 
objective. 
Milam 


seromucinous glands are widely distributed 
under the epithelium of the conjunctiva, 
sinuses, nasopharynx, and mouth in addition 
to the large glands, lacrimal and salivary, 
of this same type. 

Accessory lacrimal gland tissue may be 
widely distributed in the lids and orbit. 
Accordingly, this disease must be suspected 
with any lid and orbital tumor. 

None of the present group of patients 
had a dry eye. In Mueller’s® case of 
Mikulicz’s the epiglottis the 
lacrimal glands were enlarged to palpation 


disease of 


4 (Case 3).—Epimyoepithelial island with hyalin. Hematoxylin and eosin; 40 mm. 
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Fig. 5 (Case 4).—Intralobular duct 
occluded by proliferation of epithelial 
cells. Hematoxylin and eosin; 40 mm. ob- 
jective. 

and the patient complained of burning of 
his eyes but no corneal changes suggestive 
of a dry eye were present. The lacrimal 
secretion was not measured. Morgan ® feels 
that there is a close relationship between 
Mikulicz’s disease and Sjégren’s syndrome. 
While this has not been proved, it would 
seem logical to expect a marked diminution 
of tears after much of the gland tissue is 
destroyed, 
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Summary and Conclusions 


Four cases of Mikulicz’s disease of the 
lacrimal and salivary glands are presented. 

This disease is diagnosed by histologically 
finding the typical epimyoepithelial islands, 
intraductal proliferation of epithelial and 
myoepithelial cells, and sheets of lymphoid 
cells. 


The condition is benign, self-limited, and 
of unknown etiology. 


This disease may be found in any of the 
seromucinous glands. 

The of Mikulicz’s disease 
should be considered in any tumor of the 
lacrimal gland and orbit. 


diagnosis 


Dr. L. R. Dame (Case 3) and Dr. Virgil Casten 
(Case 4) granted permission to report their private 
cases. 
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The study of the microenvironment in 
inflammation and edema is a new field. 
Traditionally this region has been regarded 
correctly as a defense curtain, since it in- 
hibits the spread of infection. The pres- 
ervation of this membrane — has 
considered a basic surgical necessity. 

The advent of the antibacterial drugs 
has produced a change in thought about 
this defense barrier. 


been 


These substances are 
of little value in the treatment of abscesses, 
walled-off cellulitis, and similar inflamma- 
tory the 
blood, the antibacterial drugs cannot pass 
through the membrane from without any- 
more than can pathogenic bacteria from 
within. 


processes. Being carried by 


The edema fluid present in inflammation 
and in edema alone contains large quanti- 
ties of fibrin. Coagulation of this substance 
in the tissue fluids and the formation of 
thrombi in the arteries, capillaries, veins, 
and lymphatics help to localize the dam- 
aged area. This localizing process, in which 
precipitation of fibrin produces 
what many surgeons term a limiting mem- 
brane. 

Streptokinase indirectly causes the lysis 
of fibrin through the activation of the plas- 
minogen-plasmin mechanism in the euglob- 
ulin fraction of the Since 
edema fluid and the limiting membrane of 


occurs, 


blood serum. 
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inflammation 


localized 


contain large 
amounts of fibrin, streptokinase was ad- 
ministered intramuscularly in an effort to 
change the chemical nature of the edema 
fluid and the limiting membrane.'! The 
streptokinase had an apparent lysing effect 
on the membrane, for antibacterial drugs 
given concomitantly the 
ciated infection, 

After enucleation of the eye, the orbit 
and adjacent conjunctival tissues often be- 
come very edematous, particularly in pa- 
tients in whom there has been much 
inflammation. The use of 
streptokinase intramuscularly seemed natu- 


resolved asso- 


preoperative 


ral to ameliorate or prevent this complica- 
tion. An antibacterial drug must be given 
concurrently, since the composition of the 
defense barrier apparently is changed by 
the administration of streptokinase intra- 
muscularly. 

Streptokinase-streptodornase ( Varidase) 
was used as the source of streptokinase, 
since a pure preparation of streptokinase 
has not yet been made. Although this 
preparation contains streptokinase and 
streptodornase, the streptodornase can be 
disregarded for therapeutic purposes. 
Streptokinase-streptodornase was dissolved 
in isotonic saline so that the final concen- 
tration was 10,000 units of streptokinase 
per cubic centimeter. The solution must be 
stored in a refrigerator when not being 
used, A fresh solution was made daily, 
live thousand units in 0.5 cc. of isotonic 
saline was injected twice daily for a total 
of six doses or longer if necessary. 
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Report of Cases 


Case 1.—A 35-year-old white man was 
admitted to the hospital on Sept. 27, 1954, 
for enucleation of the left eye. He had 
sustained multiple injuries of the body, 
many wounds of both eyes from sand and 
cinders, and a burn of the left eye when a 
tank containing ammonia exploded, A lamel- 
lar keratoplasty was done on the left eye 
in 1952, but the cornea subsequently be- 
came opaque. Severe photophobia in the 
right eye and bilateral epiphora had been 
present since 1952. 

Vision in the right eye was 20/30, and in 
the left eye sight was limited to light 
perception with good projection. The lids, 
conjunctivae, and corneas of the eyes were 
studded with imbedded small foreign 
bodies. A vascularized corneal leukoma was 
present in the left eye. 

Enucleation of the left eye was done on 
Sept. 28, because it was thought that much 
of the patient’s difficulty with the right 
eye might have been due to a reflex sym- 
pathetic irritation originating in the left 
eye. The lids were sutured after enuclea- 
tion because the conjunctiva was severely 
edematous, the result of the removal of 
multiple foreign bodies from it. Sulfisoxa- 
zole (Gantrisin), 1.0 gm., was given by 
mouth four times a day from Sept. 28 
through Nov. 11. The lid sutures were 
removed on Oct. 4, because of severe pain 
and prolapse of the conjunctiva between 
the sutures. Five thousand units of strep- 
tokinase in 0.5 ce. of isotonic saline was 
given intramuscularly twice a day from 
Oct. 4 to Oct. 7, for a total of six doses. 
The edema of the lids decreased remark- 
ably, but the prolapse of the edematous 
conjunctiva became relatively pro- 
nounced, On Oct. 7 a Snellen suture was 
placed in the lids. On Oct. 11 the sutures 
came out spontaneously. Sutures were 
placed again on Oct. 12. The sutures were 
removed on Oct. 19. The edema subsided 
gradually and disappeared on Oct. 19. The 
epiphora and photophobia of the right eye 


stopped. custom-fitted conformer was 
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The 
patient was discharged from the hospital 
on Novy. 5. 


inserted into the socket on Oct. 21. 


Case 2.—A 64-year-old white man was 
admitted to the hospital on Nov. 4, 1954, 
with a blind painful left eye, the result of 
glaucoma secondary to an occlusion of the 
central retinal vein. Five thousand units 
of streptokinase in isotonic saline was 
given intramuscularly twice a day from 
Nov. 6 through Nov. 10, for a total of 10 
On Nov. 8 enucleation of the left 
eye was done and a No. 18 plastic sphere 
was implanted. At the time of the first 
change of dressing, on Nov. 9, inflamma- 
tion and edema were minimal in degree. 
The continuous conjunctival suture of 
00000 black nonabsorbable surgical (silk) 
suture was readily visible. The suture was 
removed on Nov. 16. A_ custom-fitted 
heavy plastic conformer was inserted into 
the socket on Nov. 17. The patient was 
discharged from the hospital on Nov. 22. 

Case 3.—A 27-year-old white man was 
admitted to the hospital on Jan. 3, 1955, 
with the fifth recurrence of a generalized 
nongranulomatous uveitis of the left eye. 
In 1952 he had had a diathermy barrage 
for an inflammatory retinal detachment else- 
where. 


doses. 


Later, he had a scleral resection 
and the globe was penetrated, resulting in a 
loss of the vitreous humor. The eye was 
painful, photophobic, and red. Vision was 
reduced to bare light perception. There 
was much ciliary injection, many fine kera- 
titic precipitates, and a 2+ aqueous ray. 
Rubeosis of the iris was marked, and a 
swollen hypermature complicated cataract 
was present. The right eye was normal. 
Sulfisoxazole, 1.0 gm., was given by 
mouth four times a day from Jan. 3 through 
Jan. 12. Five thousand units of streptoki- 
nase in 0.5 cc. of isotonic saline was given 
intramuscularly twice a day from Jan. 4 
through Jan. 7, for a total of eight doses. 
On Jan 6 enucleation of the left eye was 
done and a No. 18 plastic sphere implant 
was _ inserted the socket. The con- 
junctival suture was visible from the time ° 


into 
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of the first change of dressing, on Jan. 8. 
On Jan. 10 a mild edema was noted. The 
suture was removed on Jan. 11. A custom- 
fitted conformer was inserted on Jan. 13. 
The patient was discharged from the hos- 
pital on Jan. 14. 

Case 4.—A 29-year-old white man was 
admitted to the hospital on Feb. 20, 1955, 
for an enucleation of the left eye. He had 
had recurrent attacks of iridocyclitis since 
1942. In 1953 he sustained a corneal lacera- 
tion followed by a traumatic cataract. The 
eye became phthisical and, just before ad- 
mission, red and painful. Light perception 
was absent. The right eye was normal. 
Five thousand units of streptokinase in 0.5 
ce. of isotonic saline was given intramus- 
cularly twice a day from Feb. 20 through 
Feb. 23, for a total of seven doses. Enu- 
cleation of the left eye and the insertion 
of a No. 18 plastic sphere implant into the 
socket were done on Feb, 21. Sulfisoxazole, 
1.0 gm., was given by mouth four times a 
day from Feb. 21 through Feb. 24. Inflam- 
mation and edema were minimal in degree 
on Feb, 23. The suture was removed on 
Feb, 25, and a custom-fitted heavy plastic 
conformer was inserted. The patient was 
discharged from the hospital on Feb, 25, 
1955. 

Case 5.—A 37-year-old white man was 
admitted to the hospital on Feb. 21, 1955, 
for enucleation of a phthisical right eye. 
He had incurred a wound of the right eye 
in 1936. Since that time, the eye had been 
blind. After the third spontaneous hy- 
phemia, enucleation was recommended. 
Five thousand units of streptokinase in 0.5 
cc. of isotonic saline was given intramus- 
cularly twice a day from Feb. 21 through 
Feb. 26, for a total of 11 doses. Enuclea- 
tion of the right eye was done, and a No. 
18 plastic sphere implant was inserted into 
the socket on Feb. 23. Sulfisoxazole, 1.0 
gm., was given by mouth four times a day 
from Feb. 23 through March 1. A moderate 
degree of inflammation and edema of the 
conjunctiva was noted postoperatively. On 
March 2 the sutures were removed and a 


Miller et al. 


custom-fitted conformer was inserted. The 
patient was discharged from the hospital 


on March 2. 


Comment 


Enucleation of the eye is most commonly 
followed by at least a moderate degree of 
reaction in the conjunctiva with edema. Not 
infrequently, prolapse of the conjunctiva 
occurs. Although this complication rarely 
impairs the result, the convalescence is pro- 
longed and fitting of the permanent prosthe- 
sis is delayed. In 16 patients who had 
enucleation with insertion of plastic sphere 
implants and who had not been treated with 
streptokinase, all had edema of the con- 
junctiva ranging from moderate to severe. 
Five patients had a prolapse of the con- 
junctiva, and, of these, two required second- 
ary lid closure with Snellen sutures, In 
all patients, fitting of a custom-made con- 
former was delayed until at least the 14th 
postoperative day. 

The first patient in the group given strep- 
tokinase was treated with the drug after 
the enucleation was done, and the conformer 
was fitted on the 23d postoperative day. 
The next four patients were given strepto- 
kinase before the enucleation was done, and 
the conformer was fitted on the fifth, sev- 
enth, fourth, and seventh postoperative 
days. A considerable improvement in re- 
sults was noted when the patients were 
treated with streptokinase before the enu- 
cleation was done. 

The reactions to the intramuscular ad- 
ministration of streptokinase were mini- 
mal.! In a recent group of 64 patients 
given streptokinase in this manner in the 
treatment of infection and edema, excellent 
results were obtained in 45, good results in 
17, and poor results in 4. The four poor 
results were obtained in one patient with 
extensive decubitus ulcers which were re- 
sistant to all forms of treatment, in two pa- 
tients with arteriosclerotic vascular disease 
with gangrene in whom the blood supply 
was poor, and in one patient with throm- 
botic hemorrhoids who was given insuffi- 
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cient treatment. An aggravation of the 
infection was not seen in any of the pa- 
tients. In patients with granulating wounds, 
healing was hastened by the reduction of 
surrounding induration. A delay in healing 
was not seen in any of the patients. A rise 
in temperature attributable to the adminis- 
tration of streptokinase was noted in about 
10% of the patients. Pain and tenderness 
at the site of injection were found in about 
60% of the patients but disappeared in 24 
to 48 hours after the injections were stopped. 
The formation of a granuloma was not 
seen in any of the patients. A_ signifi- 
cant change in the white blood cell count 
or the differential count was not observed. 
A significant prolongation of the prothrom- 
bin time was not found, Fibrinolysis as 
determined by the whole blood technique 
was not observed, in periods of 72 hours 
after the fifth injection of streptokinase, on 
the third day of treatment. Hemorrhage 
and the formation of hematomas or pete- 
chiae were not seen. Streptokinase should 
not be given intramuscularly to patients 
with defects in the clotting mechanism, ow- 
ing to the possibility of hemorrhage. The 
administration of antihistaminic drugs was 
not necessary. The routine for patients 
undergoing enucleation must include the ad- 
ministration of antibacterial drug and strep- 
tokinase intramuscularly starting about 48 
hours before operation. The choice of the 
antibacterial agent will depend upon the 
bacteria present and/or the preference of 


4. M. A. ARCHIVES OF OPHTHALMOLOGY 


the surgeon. Five thousand units of strep- 
tokinase in 0.5 cc. of physiologic saline 
should be given intramuscularly twice a day 
for three days—longer if it is necessary. 
The treatment of patients with streptoki- 
nase intramuscularly before and after op- 
eration has given the best results. 

The intramuscular injection of strepto- 
kinase, by producing a socket with little 
inflammation and edema, has shortened the 
period of convalescence and has hastened 
the fitting of a conformer and a permanent 
prosthesis. The fitting of a permanent pros- 
thesis at as early a date as possible is im- 
portant, since it helps to reduce the number 
of mild contractural deformities of the 
superior fornix and the inferior fornix of 
the conjunctiva and to prevent untoward 
psychological changes. 


Summary 


The administration of an antibacterial 
agent and streptokinase intramuscularly has 
improved the results in patients who have 
had an enucleation of the eye. Further in- 
vestigation of the use of these agents in 
patients having an enucleation of the eye 
is recommended. 

Veterans Administration Hospital. 
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Localization of Intraocular 
Roentgen Examination 


Practical Procedure 


FERNANDO E. ROSAS, M.D., Yucatan, Mexico 


Technique 


1. Take plain films: front and side views 
of the suspected eye. 

2. Reference lines: With some drops of 
0.5% tetracaine (Pontocaine) solution anes- 
thetize the eye, in order to attach at the 
sclerocorneal limbus the regular nonabsorb- 
able surgical (silk) Atraumatic suture 
needles (3% circle 54 in. long, preferably) .* 
The needles are passed through the con- 
junctiva and Tenon’s capsule as close as 
possible to the cornea, starting about 1.5 
mm. above and below the 3 o'clock or 9 
o'clock position on the cornea, trying to 
mark the limbus surrounding the cornea in 
order to get its center. 

3. Immediately take the following films: 

A. Front view: looking straight ahead, both 

orbits; central ray focused on the center 


of the cornea 
B. Front view: looking right, both orbits 
C. Front view: looking left, both orbits 


D. Front view: looking up, both orbits 

E. Front view: looking down, both orbits 

The films B, C, D, and FE should be taken 
without changing the position of the pa- 
tients’ head, just changing the gaze. 

F. Side view: looking straight ahead; central 
ray focused on the limbus of the cornea 
perpendicular to the axis of the eye. 

If the films have been taken at the sug- 
gested positions, the reference needles will 
show in the frontal views a circle and in 
the side view a straight line. The Crookes 
tube is placed 60 cm. from the eye. The dis- 
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* Vergara suggested the use of the regular 
Atraumatic silk suture needles as reference lines 
surrounding the Further application of 
this suggestion was developed for this procedure. 


cornea. 


Foreign Bodies by 


tance from the eye to the film should be 
6 cm.; therefore a reduction by “go is re- 
quired in measurements going away from 
the central ray; 149 is added in the opposite 
direction. 

4. Draw the diagrams on the films: Draw 
a line uniting both frontomalar sutures. 
Construct the perpendicular to this line from 
the foreign body, on the front views B, C, 
D, and E. If the foreign body is intraocular, 
in or attached to the structural layers of the 
eye, it will be noted that (1) in the front 
views B and C, the perpendicular changes 
its place, being nearer or farther from the 
frontomalar suture of the examined eye; 
(2) in the front views D and EF, the length 
of the perpendicular 
shorter or longer, 

All of these displacements of the foreign 
body can be measured in millimeters. It is 


line varies, being 


not possible to observe these changes only 


when the foreign body is in the center of 
rotation of the eye. 
5. On the front view 


films, the eye is drawn, 


A and side view F 
taking as reference 
lines the needles used and the average di- 
mensions of the normal eye, which accord- 
ing Wolff are the following: front view 
A, radius of the cornea 6 mm.; front view 
A, radius of the equatorial plane 11.5 mm.; 
side view F’, radius of the vertical meridional 
plane 11.75 mm. 

To find the center of the latter, cross the 
line after resting the compass at the 12: and 
6 o'clock positions of the corneal limbus, 
marked by the upper and lower portion of 
the needles, and with an aperture of 11.75 


mm. 
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Fig. 1.—Diagram drawn on x-ray film. 
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Right eye; front views B, C, D, and E. Fronto- 


malar suture line and its perpendicular determined by the position of the foreign body. 


The radius of the horizontal section rep- 
resenting the horizontal meridional plane is 
also 11.75 mm. 

6. On the front view A, we can consider 
the cornea as a clock with every hour space 
divided into four quarters of an hour, 15, 
30, 45, considering only the hour hand. The 
situation of any meridional plane can be 
read in hours and fractions of an hour, re- 
ferring to that nearest to the foreign body. 

7. On the front view A, trace the projec- 
tion of the meridional plane of the eye which 
passes through the geometric centers of the 
eye and the foreign body. Measure in milli- 
meters the shortest distance between the 
center of the foreign body and the equator 
of the eye, and reduce Yo. 

8. On the side view F, trace a line passing 
through the centers of the eye and the for- 
eign body, projecting the latter on the near- 
est portion of the vertical meridian of the 
eye; it also provides the directional approach 
into the eye to locate the foreign body. With 
a regular protractor, take the distance in 
degrees from the sclerocorneal limbus to 
the center of the foreign body projected on 
the surface of the eye; dividing by 5 and 
reducing 4, provides the length of the 
meridian in millimeters. This is the same 
distance as that corresponding to the 
meridian where the foreign body is located. 

9, On the side view F, measure the short- 
est distance in millimeters between the cen- 
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ter of the foreign body and its projection 
on the surface of the globe. If this projec- 
tion falls into the limbus or 3 mm. outside 
of it, it becomes necessary to reduce 49 the 
distance under consideration. If it falls 
20 mm. or more outside of it, it becomes 
necessary to add Yg of same. Between 3 
and 20 mm. no correction is necessary. Com- 
pare this distance with that obtained in front 
view A (Number 7). Select the smaller of 
the two, which will be close to the true 
value, having a possible error of 1 mm. at 
its maximum. 

10. If the foreign body is situated in the 
horizontal meridional plane of the eye, it be- 
comes necessary to draw this section sep- 
arately (mentioned as horizontal section in 
Example 3 [Fig. 4]). Trace the diameter 
of the cornea, and, resting the compass on 
the two ends of this diameter, representing 
3 and 9 o'clock on the corneal clock, with 
an aperture equal to its radius, 11.75 mm., 
cross the lines to obtain the center of the 
horizontal meridional section, 

Transpose to the drawn horizontal sec- 
tion the projection distances from the cen- 
ter of the foreign body to the vertical 
meridional and equatorial planes of the eye, 
obtained from views A and F. 

On the front view A reduce 49. On the 
side view F’ add \o if the foreign body is 
in front of the equatorial plane and reduce 
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Yo if it is behind it. 
correction is necessary. 


In the equator no 


Cross the perpendicular lines as shown in 
the diagram of the horizontal section to lo- 
cate the foreign body. Trace the line passing 
through the centers of the horizontal sec- 
tion and the foreign body, projecting the 
latter on the nearest portion of the horizontal 
meridian of the eye. 

Take the distance in degrees from the 
sclerocorneal limbus to the center of the 
foreign body projected on the surface of 
the eye; dividing by 5 provides the length 
in millimeters of the horizontal meridian 
where the foreign body has been projected. 

Take the shortest distance in millimeters 
between the center of the foreign body and 
its projection on the horizontal meridian of 
the eye, in order to obtain its localization 
as it is shown in Example III. 

11. When the foreign body is situated in 
the horizontal or vertical meridional planes, 
the measurements obtained are exact. In 
any other meridional plane there is a small 
error of about 1 mm., which is maximum 
midway between the horizontal and the ver- 
If the 
foreign body is closer to the vertical merid- 
ional plane, the drawings on the films are 
accurate enough. If it is nearer to the hori- 


tical meridional planes of the eye. 


zontal meridional plane, a separate drawing 


Front view A 


of the horizontal section will give more ac- 
curate results, 

The small error is usually compensated, 
considering that we have taken as reference 
the center of the foreign body. According 
to Shipman and associates,’ 85.7% of for- 
eign bodies are magnetic, and MacMillan ? 
states that 15% are in the vitreous while the 
rest are near the surface of the globe. By 
the sound and sensation of the metal touch- 
ing the magnet or the forceps, this little 
error may be corrected, giving a sufficiently 
accurate measurement to localize any radio- 
paque intraocular foreign body in relation 
to the meridional plane, and also it is possi- 
ble to obtain the distance in millimeters be- 
tween the foreign body and the vertical 
(nasal or temporal) and horizontal (above 
or below) meridional planes and the equa- 
torial (in front or behind) plane of the 
eye. 

12. Size of the foreign body: On the 
front view A and side view F films, meas- 
ure the two largest dimensions in millimeters 
of the foreign body and arrange these four 
measurements in a series from the largest 
to the smallest. For practical purposes, we 
then consider the first as the length, the sec- 
ond the width, and the fourth as the thick- 
ness of the foreign body. The third may be 
ignored, 


x" 


/ 
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Side view F. 


Fig. 2 (Example 1).—Report: Radiopaque intraocular foreign body situated in the merid- 
ional plane crossing through 6 hours of the corneal clock, to 7.25 mm. from the sclerocorneal 
limbus and 3 mm. from the scleral wall. Size of the body: 2.75 by 1.25 by 1 mm. Scale of 


this drawing is 2:1. 
plane. 


Rosas 


Diagnosis: Intraocular foreign body situated in the vertical meridional 
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Front view A 


Side view F. 
ide view F. 
Fig. 3 (Example 2).—Report: Radiopaque foreign body situated in the meridional plane, 


crossing through 4:30 hours of the corneal clock, to 7.25 mm. from the sclerocorneal limbus 


and 2.5 mm. from the scleral wall. Size of the body: 2.25 by 1.25 by 0.5 mm. Scale of this 
drawing is 2:1. Diagnosis: Intraocular foreign body situated in an oblique meridional plane 


Horizontal Section 


Side view F. 


Front view A 


ional plane crossing through 3 hours of the corneal clock, to 8 mm. from the sclerocorneal 
plane. 


Fig. 4 (Example 3).—Report: Radiopaque intraocular foreign body situated in the merid- 
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k 
limbus and 3 mm. from the scleral wall. Size of the body: 5 by 2 by 1 mm. Scale of this 


drawing is 2:1. Diagnosis: Intraocular foreign body situated in the horizontal meridional 
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Examples 


The technique has been applied in three 
cases so far (those in which existed a possi- 
bility of saving the eye), and it has proved 
successful in each one. 

All the drawings were magnified in order 
to make the illustrations as clear as possible. 
In routine practice it is wise to draw the 
average dimensions of the normal eye. 

In cases of magnetic foreign bodies, which 
are the most frequently encountered and are 
easier to extract, the correction of Yo in 
the measurements given above could be dis- 
pensed with for practical purposes. 


Summary and Conclusions 


A simple technique is described for 


localization of radiopaque intraocular for- 
eign bodies. 

Nontraumatizing and practical, the tech- 
nique only requires the usual x-ray machine 


and regular silk Atraumatic suture needles. 
Applied in only three cases so far (those 

in which existed a possibility of saving the 

eye), it has proved successful in each one, 
This technique may be helpful in places 

where special equipment is not available, 

since extraction of intraocular bodies is gen- 

erally considered an emergency operation. 
Calle 69, No. 570 A, Merida. 
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The Role of Intraocular Pressure in the Development 


of the Chick Eye 


II. Control of Corneal Size 


ALFRED JOSEPH COULOMBRE, Ph.D., New Haven, Conn. 


Introduction 


The increase in size of the vertebrate eye 
as a whole is regulated by a number of 
factors. Thus, the results of heteroplastic 
transplantations of amphibian eye prio- 
mordia by Harrison’ and Twitty and 
Schwind have implicated genetic factors. 
In addition to genetic factors, nutritional 
factors may influence the enlargement of the 
amphibian globe.** Recent work with the 
chick embryo has revealed two additional 
factors. Not only is intraocular (vitreal) 
pressure a cardinal factor influencing the 
increase in the size of the eye, as shown by 
Weiss and Amprino® and me,*7? but the 
resistance to expansion offered by the eye 
wall as it elaborates cartilage and collagen 
appears to be important in progressively 
decreasing the rate of ocular expansion as 
development proceeds,” 

If we turn our attention from the eye as 
a whole to its parts, we find much observa- 
tional and experimental work supporting the 
idea that harmonious size and shape rela- 
tionships are maintained among the different 
eye components throughout the period of eye 
development (summarized by Twitty).** 
The factors underlying this mutual adapta- 


From 


tion of parts are probably diverse. 
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among the known or possible factors intra- 
ocular pressure has been singled out for 
study in the present series of investigations. 
Since this factor is important for the in- 
crease in the size of the eye as a whole, it 
is of interest to know to what extent it 
influences the increase in size and the change 
in shape of each component of the develop- 
ing eye. The present paper reports data on 
the role of vitreal pressure in relation to the 
change in size and shape of the cornea. 


Experimental Method 


Chick embryos from eggs incubated at 
37.5 C in a forced draft incubator were used 
in this investigation. All ages are given as 
days of incubation, 

The operations described below were per- 
formed at the end of the fourth day, and 
periodic observations were made until the 
eighth. This period of development should 
provide maximal size differences, since the 
chick eye increases most rapidly in size 
between the fourth and eighth days.® Be- 
cause the embryo lies on its left side on top 
of the yolk at the end of the fourth day, all 
operations were performed on the right eye. 

The four series of eyes described below 
were examined in the same manner. A 
group of embryos was killed on each of the 
four days following the operation. The 
nasotemporal diameter of the cornea was 
measured in the freshly enucleated eye, and 
this was used as an index of corneal size. 
All measurements were made with a cali- 
brated filar ocular micrometer and expressed 
to the nearest 0.1 mm. Some specimens 
from each group of eyes were fixed in 
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1.5, 


operation 


mean corneal diameter in mm. 
wm 
i 


The corneal diameters 
of unoperated on and of 
intubated eyes are plotted 
against incubation age. 
Each point represents the 
mean value for a mini- 
mum of 10 cases. 


unoperated controls 


& tube operation 


5 


6 


Rossman’s fluid, sectioned at 5.0, and 
stained with hematoxylin and eosin. 

Eyes Not Operated On.—A reference se- 
ries was provided by the left eyes of all the 
embryos used, since these developed without 
operative interference. The mean corneal 
diameter almost tripled during the four-day 
interval under consideration (Fig. ). 

Intubated Eyes.—To assay the role of 
intraocular pressure in the observed expan- 
sion of the cornea, vitreal pressure was re- 
duced, during the period under investigation, 
by introducing a minute glass capillary tube 
(length, 3.0 mm. ; outside diameter, 0.4 mm. ; 
inside diameter, 0.25 mm.) through an in- 
cision in the wall of the four-day eye in 
such a way that one end rested in the vitre- 
ous body and one end in the amnionic cavity. 
The tube, which was left in place, allowed 
egress of vitreous humor and prevented the 
development of the tangential forces that 
normally act on the developing eye wall in 
the presence of an expanding vitreous body. 


Coulombre 


7 
days of incubation 


The intubation operation was performed 
on the right eyes of 43 chick embryos at 
four days of incubation. At daily intervals 
for the ensuing four days a group of 10 or 
11 of these embryos was killed and the eyes 
were examined as described above. The 
mean values for corneal diameter on each 
postoperative day were significantly below 
the mean values for unoperated on contra- 
lateral eyes at the corresponding age (the 
t-test yielded values of P=0.001). In con- 
trast to the tripling of corneal diameter over 
the four-day period which was observed in 
the unoperated on eyes, the intubated group 
showed somewhat less than a twofold in- 
crease. Histologic sections reveal that the 
corneas of intubated eyes become thicker 
than those of unoperated on eyes of com- 
parable age. This relative increase in 
thickness is accounted for principally by the 
added thickness of the stroma and of Bow- 
man’s membrane. 
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Temporarily Intubated Eyes.—To deter- 
mine the effects of temporarily reducing 
intraocular pressure a second group of em- 
bryos was prepared and studied exactly as 
above except that the indwelling glass tube 
was removed 24 hours after it had been 
introduced. In such cases the incision heals 
over and vitreous humor accumulates again. 
The cornea in these cases expands at a rate 
intermediate between that of the unoperated 
on eyes and that of the intubated eyes. 

Control Eyes.—-As a control for trauma 
and other nonspecific factors associated with 
the operation a series of embryonic eyes 
were fitted with solid glass rods of the same 
outside dimensions as the tubes and were 
observed in the same way as were the intu- 
bated eyes. Since the incision which was 
made to allow introduction of the glass rod 
was smaller than the outside diameter of 
the rod, a tight fit was effected between the 
rod and the edge of the incision. Vitreous 
humor did not escape, and intraocular pres- 
sure was maintained. The mean diameters 
of corneas in this group were not signifi- 
cantly different from normal at any post- 
operative age. In 
revealed no 


addition, histologic 


sections between 
corneas of the unoperated on group and the 
control group. Thus the results obtained 
cannot be ascribed to trauma or to other 
nonspecific factors. 


differences 


Comment 


The maintenance of harmonious size and 
shape relationships among the ocular com- 
ponents as development proceeds is due to 
the action of a number of factors. In addi- 
tion, the types of factors operating in ocular 
morphogenesis may differ from stage to 
stage in development. Thus, at early stages 
in the chick the size relationship between 
the lens anlage and the optic cup appears 
to depend upon the area of contact between 
the expanding optic vesicle and the overlying 
ectoderm.” In amphibia, at a relatively later 
stage, the work of Harrison ' and Ballard ! 
suggests that appropriate size relationships 
between the lens and the optic cup are ad- 
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justed and maintained by an interaction of 
these eyé parts. The nature of the inter- 
action not specified. Weiss and 
Amprino® have demonstrated that the ad- 
justment of the size and shape of scleral 
cartilages to the size and shape of the de- 
veloping globe is dependent on intraocular 
pressure. I have shown in a similar study 


was 


_ that proper size and spatial relations among 


the sclera, choroid coat, pigmented epithe- 
lium, and neural retina are also dependent 
on vitreal pressure. 

While the mode of action of each of the 
factors mentioned is not yet clear, it seems 
evident that different types of factors come 
into play during successive periods of ocular 
development. During those phases of devel- 
opment following the period of early induc- 
tions, the maintenance of harmonious size 
and shape relationships among the different 
ocular components may be explained in at 
least two ways. As suggested by Harrison 
and Ballard, the parts may influence the 
growth rates of each other in such a way 


as to maintain harmony of size. Alterna- 


tively, the growth rates of all parts may be 
under the influence of a common underlying 
factor, or complex of factors, that operates 
to insure harmonious growth. 


Although the alternatives presented are 
not mutually exclusive, preliminary work has 
focused my attention on intraocular pressure 
as a possible common factor underlying the 
remarkable the 
changes in size and shape among ocular 
parts. If intraocular pressure operates in 
this that it must be 
capable of influencing, in the appropriate 
directions, the size and shape of each of the 
ocular parts involved. The sclera, the cho- 
roid, the pigmented the 
neural retina are moulded to a greater or 
lesser extent under the influence of the ex- 
panding vitreous. The present study places 
the cornea among those parts of the eye 


temporal correlation in 


way, it is obvious 


epithelium, and 


which are shaped, at least in part, by tan- 
gential 
pressure. 


forces arising from intraocular 
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Summary 


vitreal 
chamber of the eye during its development 


Reduction of pressure in the 
leads to a decrease in the size (surface area) 
of the cornea. The cornea develops nor- 
mally in operated on controls. This is in- 
terpreted as indicating that the normal 
expansion of the cornea during ontogeny is 
dependent, among other factors, on the 
tangential forces generated in the wall of 
the eye by an expanding vitreous body. 
333 Cedar St. (11). 
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Fixation Patterns in Strabismic Amblyopia 


PAUL J. HAUSER, M.D., Evanston, Ill, and HERMANN M. BURIAN, M.D., lowa City 


Introduction 


Investigations into the nature of ambly- 
opia ex anopsia and into the behavior of the 
amblyopic eye have aroused renewed inter- 
est during recent years. In 1952 Brock and 
Givner,! and somewhat later Jaffe and 
Brock,? .reported on a test by means of 
which they attempted to show that many 
amblyopic eyes fixated eccentrically. This 
work has been widely cited, and some rather 
far-reaching conclusions have been drawn 
from it (Linksz*). However, to our knowl- 
edge no one has troubled actually to repeat 
this test and to determine its validity or limi- 
tations. We have, therefore, undertaken to 
do this and are presenting our findings in 
this paper. 


Methods and Clinical Material 


The test of Brock and Givner applies to 
patients with amblyopia the well-known fact 
that an after-image, produced in one eye, can 
be accurately localized by most subjects 
when the exposed eye is occluded and the 
contralateral, unexposed eye is used for 
fixation. In the test devised by Brock and 
Givner the subject is asked to occlude the 
amblyopic eye and to fixate a vertical fila- 
ment of light with the sound eye from a 
distance of 4 ft. (120 em.). After a 20- to 
30-second exposure to this light the patient 
fixates a tangent scale placed at a distance 
of 6 ft. (180 em.). The zero point of this 
scale, its center point, is encircled by three 
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concentric circles delimiting 1, 2, and 3 de- 
grees on the scale. If the sound eye has 
fixated the filament with the fovea, then the 
after-image will be seen to pass through the 
zero point of the tangent scale if the fovea 
now fixates this point. After it has been 
demonstrated that the sound eye can fixate 
both the light and the scale centrally, the 
after-image is reinforced by another ex- 
posure to the light. This normal eye is then 
occluded, and the amblyopic eye is called 
upon to fixate the zero mark on the tangent 
scale. The patient will be aware of the 
after-image and, if there is normal retinal 
correspondence and if the fovea of the am- 
blyopic eye takes up fixation on the tangent 
scale at zero, the so-called “transferred” 
after-image will appear to pass through this 
central point. If an eccentric or parafoveal 
area takes up fixation, the after-image should 
reasonably appear laterally to the central 
fixation point. 

Brock and Givner found that patients 
examined by this test could be grouped into 
three major categories: those who saw the 
after-image with the amblyopic eye centrally, 
those to whom it appeared at a measurable 
distance from the central fixation target, 
and those who were not aware of the after- 
image. Brock and Givner stated that, among 
379 patients so examined, (1) 20% of all 
uniocular amblyopes fixated along the 
centrofoveal axis of the amblyopic eye on 
occlusion of the good eye, whereas (2) the 
great majority of wuniocular amblyopes 
fixated eccentrically, and (3) 80% of the 
patients with alternating strabismus were 
incapable of what Brock and Givner called 
“transfer,” while 75% of the patients with 
unilateral strabismus could “transfer.” 

We have executed the Brock-Givner test 
as described by these authors, but in addi- 
tion we have also reversed the procedure 
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in all patients examined by producing a 
vertical after-image in the amblyopic eye. 
With this after-image we investigated the 
capacity of the amblyopic eye for direct 
fixation on the tangent screen and studied 
the localization of the after-image when 
the contralateral, sound eye fixated. 

Our series consisted of 25 patients with 
unilateral amblyopia, ranging in age from 
6 to 30 years, the majority being 9 to 14 
years old. The number of patients may seem 
small, but the findings were so definite that 
it appeared superfluous to extend the study 
to a larger group. 

All patients had been given routine motil- 
ity examinations in the clinic, and all were 
examined with the Troposcope, the diplopia 
test, and the routine after-image test to 
establish the 
spondence. 


state of their retinal corre- 


Results 


The 25 patients could be separated into 
five groups in accordance with their response 
to our tests (Table 1). 

In the first group, comprising seven pa- 
tients, the after-image was centered under 


TABLE 1.—Summary of Findings 


Localization of After-Image 


Grou Cases, 
No, 
1 Central when fixating with either eye, 7 
whether exposed or unexposed 
II Central when fixating with exposed eye; 9 


according to ARC* w 
exposed eye 

Ill Central when fixating with exposed normal 4 
or amblyopiceye and when fixating with nor- 
mal eye after exposure of amblyopic oye’ ec- 
centric when fixating with amblyople eye 
after exposure of normal eye 


n fixating with un- 


IV Eccentric when fixating with either eye, 
whether exposed or unexposed 
¥ After-image not perceived with unexposed 3 


eye fixating 
Total 25 


*ARC, anomalous retinal correspondence. 


all conditions of testing. The patients in 
this group had normal retinal correspond- 
ence, and their behavior in the tests indicated 
to us that they fixated foveally with either 
eye. 

The second group, nine patients with 
anomalous retinal correspondence, demon- 
strated one of the major reasons for lateral 
localization of the after-image with fixation 
by the unexposed eye. In all these patients 
the vertical after-image was centered on the 
tangent screen when the exposed eye fixated 
but it was displaced laterally according to 
the prevailing angle of anomaly when the 


R 
—_— 


| 
| 
| | 


R->R 


{ Lighted room 


Fig. 1—A, Case 15, 30-year-old woman with left esotropia; visual acuity: right eye 6/5, 
left eye 6/21. B, Case 12, 14-year-old boy with left esotropia; visual acuity: right eye 6/6, 
left eye 6/60. Examples of two typical cases of Group II. For explanation see text. A. IL T,, 
after-image test. RR, after-image produced in right eye, localed by right eye on tangent 


screen, with left eye occluded 


RL, after-image produced in‘right eye, localized by left 


eye on tangent screen with right eye occluded. analogous to RL, but 


after-image produced in left eye. 


Hauser—Burian 


2 
L 
= R 
| 
bey 
| 
A. B. 
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contralateral eye fixated. Two typical ex- 
Of 
these Case 12 is particularly interesting in 


amples are reproduced in Figure 1. 


that it represents a situation in which, owing 
to a labile anomalous correspondence, both 
a normal and an anomalous response could 
be elicited in the routine after-image test 
as well as in the Brock-Givner test. 
Group II] was made up of four patients 
who, when they fixated the tangent screen 
with their amblyopic eyes, responded with a 
slightly eccentric localization of the vertical 
after-image produced in their normal eyes. 


A 


A.1.T.: suppresses L.E. 

; 

} With added smali 

fixation light. 

| 

Fig. 2 (Case 18).—Left esotropia; visual 
acuity : right eye 6/6, left eye 3/60. Example of 


Effect of adding fixation 
Abbreviations 


patient from Group III 
light to center of tangent screen 
as in Figure 1. 
This did, indeed, suggest eccentric fixation 
by these amblyopic eyes. However, when 
the vertical after-image was produced in the 
amblyopic eyes of these patients it appeared 
centered on the tangent screen both with 
fixation by the amblyopic eye and with fixa- 
tion by the normal eye. Obviously, then, 
the amblyopic eye of these patients required 
a more adequate stimulus to central fixation 
than was offered by the central spot on the 
tangent screen. The after-image test light 
would seem to have provided such a stim- 
ulus. 

The correctness of this conclusion 


out by the 


was 
following observation 


borne 
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R->R 

4 
ad 

jie 


Fig. 3 


(Case 26).—Eleven-year-old boy with 
right esotropia; visual acuity: right eye 6/60, 
left eye 6/6. Example of patient in Group IV. 
Abbreviations as in Figure 1. 


(Vig. 2). One of the patients, while fixating 
the tangent scale with the amblyopic left 
eye, localized the vertical after-image pro- 
duced in the normai right eye slightly to the 
left of the center. When a pinhole light 
was placed in the central fixation target, 
the patient immediately volunteered that the 
after-image had moved to pass through the 
center point. When the light was removed, 
the patient noted that the after-image was 
again lateral to the fixation target. 

A peculiar situation obtained in the two 
patients of IV. These patients 
showed a slight eccentricity of the vertical 
after-image, regardless of whether they fix- 


Group 


ated with the exposed or unexposed eye and 
regardless of whether the eye was amblyopic 
or (Vig. 3). Lastly, three patients 
(Group V) were never able to perceive the 
after-image when they fixated with the un- 
exposed eye. 

The distribution of the visual acuities and 
the state of the retinal correspondence of all 
25 patients are presented in Table 2. 


not 


Comment 
The ability for steady central fixation is 
not likely to be as good in an eye with 
reduced visual acuity as it is in an eye with 
or better than standard 


standard vision, 
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TABLE 2.—Distribution of Visual Acuity 


and State of Retinal Correspondence 


Visual Acuity 


6/21 
6/6 


6/9 
6/15 


6/9 
6/6 


6/21 
6/6 


6/9 
6/6 


Sa 


6/9 


6/9 
6/6 


6/6 
6/60 


6/12 
6/6 


4/9 
6/6 


6/6 
6/60 


6/66 
6/6 


6/6 
6/60 
6/4 

6/60 


6/9 
2/60 


6/12 
6/60 


* Patients divided according to groups listed in Table 1. 


vision. One should, therefore, expect eyes 
with strabismic amblyopia not to fixate as 
well as do their fellow eyes. This is, indeed, 
sometimes the case, but gross defects of 
fixation are relatively rare, if one disregards 
so-called eccentric fixation, which is not con- 
sidered in this paper. 

A closer study of the fixation pattern of 
amblyopic eyes is desirable, and new meth- 
ods developed for this specific purpose would 
be welcome. Unfortunately, the method ad- 
vocated by Brock and Givner has proved to 
be disappointing. In our series of 25 pa- 
tients, 7 reported central fixation under all 
conditions of testing. In nine patients there 
was central fixation when the exposed eye 
was used and a gross deviation, correspond- 
ing to the angle of anomaly of the patients, 
when the unexposed eye fixated. Anomalous 
correspondence was thus an important limit- 
ing factor in the applicability of the test. 

The findings in this second group of cases 
agree with those of Hansen,* who could not 
confirm the claim of Jaffe® that patients 
with anomalous retinal correspondence are 
not aware of a vertical after-image when 
the stimulated eye is occluded, This test 
gives, therefore, no evidence for a lack of 
integration of the eyes in anomalous retinal 
correspondence. It gives, on the contrary, 
very good evidence, if such is still needed, 
for the fact that anomalous correspondence 
is demonstrable only in binocular vision and 
should not be confused with anomalies of 
central fixation. In our patients, whenever 
the stimulated eye was called upon to fixate 


Hauser—Burian 


Retinal 
Correspondence 


Normal Anomalous 


6/6 7 0 
6/60 


6/6 
6/21 


6/60 
6/6 


alone the after-image passed through the 
fixation point; when the unexposed eye 
fixated on the tangent screen, the stimula- 
tion, persisting in the occluded fellow eye, 
was integrated into the visual field and 
localized anomalously. 

Most important for the evaluation of the 
srock-Givner test were the patients in the 
third group, who responded in the same 
manner as the majority of the patients tested 
by Brock and Givner, It could be shown, 
however, that this response was not due to 
an absolute inability of these eyes for central 
fixation; if the stimulus was adequate, they 
fixated centrally. But these eyes did require 
a stronger stimulus to bring about central 
fixation than did the normal fellow eye. It 
is entirely conceivable that there exists a 
gradation in the ability for central fixation 
of amblyopic eyes. At one end of the scale 
would be the amblyopic eyes with full ability 
to fixate centrally—at the other end those 
who altogether lack this ability, as in so- 
called eccentric fixation. 

It must also be kept in mind that several 
additional factors need to be considered. A 
particularly important item is the matter of 
attention. Attention to fixation is critical in 
relating an after-image to a fixation target. 
The slightest lapse in attention brings about 
a marked shift of the after-image. Also, 
some persons are more responsive than 
others to the production of after-images. 
Several alert, normal adults to whom we 
gave the test experienced difficulties in 
visualizing the after-image when the ex- 
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Group 
6/20 6/21 es 
6/8 6/21 6/60 ey 
3/6) 
= 2 0 

4 


posed eye was occluded, It did not always 
appear immediately or would fade out for 
brief periods, making its localization some- 
what uncertain. It is by these difficulties 
and by lack of attention that we explain the 
baffling findings in Group IV of our patients 
and the absence of an awareness of the 
after-image in the three patients of Group 
V, one of whom was a mentally retarded 
boy 12 years of age. 

The net result of our study is that it 
has shown to us that relatively potent stimuli 
are required in some instances to make the 
amblyopic eye fixate centrally. But neither 
the test of Brock and Givner nor our mod- 
ification of this test permits one to draw 
conclusions about the fixation pattern in 
amblyopia ex anopsia, let alone about the 
nature of the condition. One can not decide 
on the basis of these tests whether ambly- 
opia ex anopsia is primarily a sensory 
anomaly or primarily an abnormality of the 
motor function, as has been claimed 
(Linksz*). To elucidate this problem, and 
similar refined 
methods of investigation are required than 
have hitherto been employed. 


ones, considerably more 


Summary 


The test advocated by Brock and Givner 
for the study of the fixation pattern in pa- 
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tients with amblyopia ex anopsia has been 
expanded and has been given to 25 patients. 
In contrast to the earlier authors, we did 
not find that this test gave evidence that 
the majority of patients fixated eccentrically 
with their amblyopic eye. We did, however, 
find that some patients required a stronger 


stimulus to be made to fixate centrally with 
their amblyopic eye than was required for 
the normal fellow eye. Anomalous retinal 
correspondence and wandering of attention 
place definite limitations on the applicability 
of the test. 


636 Church St. (Dr. Hauser). 
University Hospitals (Dr. Burian). 
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ROBERT V. HILL, M.D., Longview, Wash. 


It would be highly desirable to have a 
mathematical analysis of the normal func- 
tions and interrelationships of accommoda- 
tion and convergence. These two functions 
seem to behave mathematically, i. e., they 
follow with absolute constancy (of unit 
measure) certain predetermined patterns; 
therefore, with a “physiologically ideal” re- 
lationship between his accommodation and 
convergence, for a given patient there can 
be only one mathematically correct value 
for each function. Although this would seem 
obvious, | have been unable to find a specific 
treatise on these mathematical identities and 
interrelationships. The probable reason is 
that accommodation has been treated as an 
algebraic and convergence as a nonalgebraic 
function. Using constant units of measure- 
ment it is impossible to express in a simple 
equation the coordinate roles of an algebraic 
function (accommodation) and a_ trans- 
cendental or nonalgebraic function (con- 
vergence ). 

It is my purpose to describe how this 
problem can be solved by changing the 
transcendental function of convergence to 
an algebraic one. This is done simply by 
using a noncircular and inconstant unit of 
measurement, the prism diopter. It will be 
shown that this is mathematically expedient 
and accurate within physiologically attain- 
able limits. 

A brief discussion of the relative merits 
of the most commonly used units of con- 
vergence measurement will help to provide 
a basis for a logical approach to this prob- 
lem. The term “meter angle” has no mathe- 
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The Hyperbolas of Accommodation and Convergence 


matical significance and merits no discussion, 
except to suggest that it may have been 
partly responsible for blocking progress in 
an adequate mathematical analysis of the 
convergence function. The terms degree and 
radian are mathematically correct because of 
their constancy of unit value, but they have 
the disadvantages of requiring the use of an 
inverse trigonometric formula * and_ trig- 
onometric function tables for determinations 
of the coordinate convergence requirement 
in either of these terms. Also, there is no 
rationally resolvable mathematical relation- 
‘ship of this transcendental function (in 
focal diopters of convergence) to the alge- 
braic function of accommodation, It is, 
therefore, desirable to use a unit value of 
convergence, of sufficient accuracy within 
attainable physiologic limits, of sufficient 
familiarity to ophthalmologists, and whose 
unit value allows a mathematically exact cor- 
relation, preferably a rational, integral ex- 
pression, of convergence to accommodation. 
Such a unit is the prism diopter, and with 
this unit, and this unit only, the convergence 
function becomes, mathematically, a_ true 
hyperbola,t of exactly the same type as that 
of accommodation. 

The convergence and accommodation 
functions are, in prism diopters and focal 
diopters, respectively, now of the same 
mathematical order, In fact, they are of the 
special type of hyperbola called equilateral 
or rectangular, so-called because of their 
asymptotes,f which are at right angles to 
each other. It is now convenient to use 
these asymptotes as the x- and y- (abscissae 
and ordinates) axes in the conventional 
rectangular coordinate system of plotting 
curves, It is even more convenient to super- 

*See Appendix B. 

+See Appendix B. 
tSee Appendix B. 


=! 
: 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


impose the convergence and accommodation 
curves, with the common, independent varia- 
ble as focal distance in meters on the x-axis, 
because each is an equilateral hyperbola. (It 
is mathematically conventional to represent 
the independent variable on the x-axis).§ 
The convergence and accommodation equi- 
lateral hyperbolas differ only by a constant, 
the interpupillary distance, and representa- 
tive values of this difference in different 
persons may be plotted in separate columns 
beside the y-axis. We now have the mathe- 
matical relationships of convergence and 
accommodation to each other and each to a 
common third independent variable (some- 
times called a parameter) in both graph 
and equation form (Fig. 1). Thus, a single 
point on these superimposed curves deter- 
mines the exact coordinate values in all three 
variables, Derivation of the hyperbolic and: 
parametric equations is presented in Ap- 
pendix B. 

It is now possible to discuss some of the 
mathematical, physiological, and clinical im- 
plications of this analysis. The outstanding 


features of the mathematical analysis are the 
following: (1) both convergence and ac- 
commodation have identical and unique solu- 


§ See Appendix B. 


THE ACCOMMODATION AND CONVERGENCE 
RECTANGULAR HYPERBOLAS 
ANO PARAMETRIC EQUATIONS 


where y, © cecommodetion 
Ye * convergence 
(in diopters) 
= Me porometer 
(distance in meters) 


interpupiiiary distance 
in em (6) 


Fig. 1.—The superim- 
posed hyperbolas of ac- 
commodation and con- 
vergence facilitate the 


tions (i. ¢., equilateral hyperbolas) when 
convergence is measured in prism diopter 
units; (2) the transcendental curve, using 
degrees or radian units of measurement, is 
identical to the algebraic curve (hyperbola, 
in this instance), using the prism diopter 
unit of measurement, up to 5 focal diopters 
(or 4% meters). They diverge a physiologi- 
cally insignificant amount (Fig. 2) even at 
7 focal diopters (or 1% meters); (3) the 
convergence and accommodation curves .are 
identical power law functions || (Fig. 1) ; 
thus great changes in focal distance at great 
distances from the eyes cause only slight 
(and proportionate) changes in accommoda- 
tion and convergence requirements, whereas 
very small changes in focal distances very 
close to the eyes cause very large (and 
proportionate) changes in accommodation 
and convergence requirements; (4) the 

|| See Appendix B. 

{ This is easily determined by observation of 
the relative “slope of the curve” at different points 
along the x-axis. By elementary differential cal- 
culus, this slope, at any point tangent to the curve, 
can be proved to represent the “exact rate of 
change” of the y-values per unit change of x- 
values. Further discussion of the use and limita- 


tions of calculus to these equations will be pre- 
sented in a subsequent paper. 


Positive Coordinotes 


mathematical analysis of 
these functions, 


Negative Coordinates 
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COMPARISON OF CONVERGENCE 
WHEN CALCULATED IN PRISM DIOPTER AND IN DEGREES 


CURVES 


Fig. 2.—The convergence curves, even when plotted separately as transcendental and 
algebraic functions, retain numerical identity within physiologically significant limits. 


variables, accommodation and convergence, 
have a common third variable, focal distance, 
which, when eliminated parametrically,# 
gives the “straight line curve’’* coordinate 
relationship of accommodation to conver- 
gence. This is an alternate method of de- 
riving the convergence to accommodation 
relationship which was presented in a recent 
paper*; (5) a single point on the super- 
imposed hyperbolas (either on rectangular 
coordinate or log graph paper) represents 
the mathematically ideal physiologic coordi- 
nate requirement for accommodation and 
convergence at any focal distance. 

Some physiologic implications of this 
mathematical analysis are the following: 
(1) a proper reference point is established 
without which no deviation (or “dissocia- 
tions”) of accommodation relative to con- 
vergence or convergence relative to fixation 
distance can be adequately measured and 
discussed. This includes variations, even 


# See Appendix B. 


*The graph of an equilateral hyperbola would 
be represented as a straight line on logarithmic 
graph paper, but this is not considered desirable 
at this point because it would not be readily differ- 
entiable from any other power law function, since 
all are straight lines in log graph form. 
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though slight, in so-called normal, bifoveal 
vision, as for example in fixation disparity. 
In fact, the measurements of fixation dis- 
parity limits have not been described with 
reference to the mathematically calculated 
“ideal physiologic zero point,” although such 
a reference point is much more desirable 
than the less accurate physiologically sub- 
jective determinations previously made for 
such a point; (2) the ideal reference point 
for convergence (point of intersection of 
the visual axes) is determined mathemat- 
ically and not by statistical averages of sub- 
jective responses. It therefore provides an 
unequivocal standard, for any patient, in 
whom it is desired to make any quantitative 
analysis of the physiologic acts of “disso- 
ciation” of any of these three variables (ac- 
commodation, convergence, and _ fixation 
distance) with respect to one or both of the 
others ; (3) the negative halves of the super- 
imposed accommodation and convergence 
hyperbolas (Vig. 1) provides an equally ac- 
curate reference point for the theoretical 
coordinate requirements of accommodation 
and convergence at focal distances “beyond 
infinity,” as for example in an uncorrected 
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hypermetrope who relaxes his accommoda- 
tion completely.t 

Some clinical implications of this analysis 
are the following: 1. The power law nature 
of both accommodation and convergence 
(hyperbolas) indicates the extremely large 
necessary changes of accommodative effort, 
when the object of regard is very close to 
the patient, as compared with the negligible 
changes of such stimulus when the object 
is many feet away. This suggests a possible 
clue to a more complete explanation of the 
common clinical problem of “accommodative 
esotropia” and “convergence excess.” From 
the power law curves (hyperbolas of ac- 
commodation and convergence) it is evident 
that the accommodative convergence stim- 
ulus, even when retaining a “one to one” 
ratio of stimulus to response,? must increase 
extremely rapidly in the short ranges of 
fixation distance.t Now if an increased 
“convergence tonus,” for example in an 
uncorrected hypermetrope, is added to these 
normally extremely rapid accommodation 
and convergent requirement changes within 
these short ranges, an even greater impetus 
is added to the already rapidly increasing 
convergence stimulus (by accommodation). 
2. Apologies for use of the prism diopter 
unit of measurement are not in order, 
since it is the most desirable, even 
for mathematical reasons. 3. The “dioptric 
coordinate”?* system (that is, prism diopters 
of convergence and focal diopters of ac- 
commodation, plotted and equated coordi- 
nately—i. e., in conventional rectangular 
coordinates) presents a method of rapid de- 
termination of each physiologically ideal re- 
quirement with respect to the other and 
with respect to focal or fixation distance. 
tA “negative coordinates” and 
their physiological and clinical applications will be 
presented at a later date (also, see Appendix B). 

t This is evident by “slope changes” per unit 
fixation distance or, more exactly, by differential 
calculus, from which these changes are 
found to vary as the square of the fixation dis- 
tance, e. g., differentiating the accommodation hy- 
A=1/M, dA/dM=—1/M*, where A= 
accommodation in focal diopters and M=fixation 
distance in meters. 
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This is essential, for example, in calculating 
lens and prism requirements to be in- 
corporated into a pair of orthoscopic 
spectacles. It is equally important in de- 
termining the fractional amounts of base in 
prism for any given strength of reading 
lenses. 


Summary 


Accommodation and convergence have 
identical mathematical solutions (equilateral 
hyperbolas) when convergence is expressed 
in prism diopters. When the prism diopter 
is used, mathematical analysis of accommo- 
dation and convergence, relative to their 
parametric variable, fixation or focal dis- 
tance, becomes possible. This mathematical 
analysis permits a conventional (rectangular 
coordinate) method of presenting the 
“physiologically ideal” relationship of ac- 
commodation and convergence with respect 
to their common third variable, fixation dis- 
tance. A few mathematical, physiologic, and 
clinical advantages of the accommodation 
and convergence hyperbolas are discussed. 


Appendix A 


The mathematical relationships between 
prism diopter and circular function (radians 
or degrees) measurements may be compared 
in the following manner. The half angle 
method of trigonometric derivation of con- 
vergence angle on the midline gives 

arc tan P. D./2M 
where 


M=distance from the midpoint on the base line 
(an imaginary line between the centers of rotation 
of each eye) at any point from 0 to infinity, per- 
pendicular to the base line, and measured in meters 


¢=convergent angle at the point of intersection 
of the visual axes 


P. D.=interpupillary distance in meters.§ 
The range of M is from to 0; therefore, 
from the formula, the range for ¢ is 0 to 


§ P. D. is used in preference to the inter-rota- 
tional center distance because it is a familiar term 
and is practically identical to the inter-rotational 


distance when measured with in the. 


primary position. 


the eyes 
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180 degrees. The half angle method of 
derivation is as follows (Fig. 3): 


tan @= P.D./M (1) 
therefore 


@=arc tan P. D./2M, and 
¢=20=2 arc tan P. D./2M 


(2) 
(3) 


Fig. 3.—Trigonometric 
solutions of the con- 
vergent angle are incon- 
stant, even at a constant 
frontal plane distance, 
depending on laterality 
of fixation on this plane. 
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On the other hand, the convergence for- 
mula for either visual axis crossing over to 
intersect the other, which remains in the 
primary position, gives considerably differ- 
ent values for short fixation distances, even 
though both are trigonometric functions and 
both are expressed in the constant unit 
value, degree. This formula is 

é=arce tan P.D./M 
The range of M is again from o to 0, but 
(from the formula) the range of @ is now 
from 0 to 90 degrees. The derivation of 
this formula is as follows: 


tan @6=P.D./M (1) 
therefore 
@=arc tan P.D./M (2) 


It should now be evident that even with 
precise trigonometric methods and with units 
of measurement of constant value, no single 
formula can, in absolute values, express the 
convergence of the visual axes within the 


Hill 


HYPERBOLAS OF ACCOMMODATION AND CONVERGENCE 


normal physiologic limits of conjugate gaze 
from the midline. In other words, for ab- 
solute accuracy of measurement of the 
convergent angle at any fixation distance 
from the eyes, separate calculations for an 
infinitely large number of triangles, whose 
apices would be represented by an infinitely 
large number of points on a frontal plane, 


M« FIXATION DISTANCE 
IN METERS 


INTERPUPILLARY 
DISTANCE IN 
METERS 


CONVERGENCE 
ANGLE 


= ore ton pd. 
Me 


eral 


would be In addition to this 
difficulty, there is the problem of making 
an infinitely large number of separate cal- 
culations for the distance of each eye to 
the fixation point in order to express (with 
mathematical accuracy) the relationship of 
accommodation to convergence for each of 
these infinitely large numbers of geometrical 
situations. 


necessary. 


The problems of mathematical calcula- 
tion mentioned above have no real physio- 
logic significance, however, since they are of 
importance only in the extremely short 
ranges of fixation and focal distances (20 
em. or less). On the other hand, the prism 
diopter unit of convergence measurement, 
which causes no such mathematical prob- 
lems at any fixation distance, retains ab- 
solute constancy of unit value up to this 
range (Vig. 2), and even up to 7 D. of 
accommodation (14 meter fixation distance ) 
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there is only 0.3 degrees of difference when 
calculated by the trigonometric method 
(@=2 are tan P. D./2M ), as compared with 
the prism diopter (convergence hyperbola) 
method. It is therefore desirable, from the 
standpoint of mathematical convenience as 
well as accuracy (within the limits just men- 
tioned), to use a unit value of convergence 
which will not only avoid the mathematical 
impasses but will also provide a rational, 
integral relationship between accommodation 
and convergence. Such a unit is already 
known to ophthalmologists, but its true 
mathematical value has not received much 
(if any) attention. It is the prism diopter. 
The convergence and accommodation hyper- 
bolas and parametric equations are described 
in Appendix B. 


Appendix B 


The equilateral or rectangular hyperbola 
is a very useful algebraic formula in applied 
as well as in theoretical mathematics. A 


few common examples of equilateral hyper- 
bolas are Ohm’s law (1=E/R), Boyle's 
gas law (PV=K), and Newton's second 
law of motion (F=ma). A brief review 
of some important features of hyperbolas is 


desirable for those who 
have forgotten their college algebra. 


considered may 

The hyperbola is an algebraic equation 
whose curve is defined as the locus of a 
point which moves in a plane in such a 
way that the difference of its distances from 
two fixed points is constant. It has two 
symmetrical branches, when plotted in the 
mathematically conventional rectangular co- 
ordinate system. The general form equation 
is 

where 


* and y=the independent and dependent varia- 
bles, respectively 


a=the semitransverse axis distance 
b=the semiconjugate axis distance. 
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The asymptotes || of the hyperbola intersect 
at a point on the transverse axis midway 
between the vertices of the two curves, i. e., 
a distance, a, from each vertex. The angle 
of intersection here determines the shape of 
the hyperbola. This angle is most easily 
determined by the eccentricity, c/a, where 
c is the semifocus distance and a is the 
semitransverse axis distance. (In the equi- 
lateral hyperbola this ratio is always V2, or 
1.414.) When this angle of intersection is 
90 degrees, i. ¢., the asymptotes are mutually 
perpendicular, the hyperbola is said to be 
rectangular or equilateral. Now, for the 
sake of mathematical convenience, these 
mutually perpendicular asymptotes are ro- 
tated clockwise or counterclockwise about 
the origin (midway on the transverse axis), 
and they become the conventional rectan- 
gular coordinate axes. The formula for this 
special type of hyperbola is derived in the 
same manner (by analytic geometry) as the 
standard form and, when simplified, be- 
comes xy=k where x and y are the inde- 
pendent and dependent variables, respec- 
tively, and k is a constant. Solving this 
simple formula for f(#), we find 

y=k/x 

The formula y=k/x, which expresses the 
reciprocal function of one variable tq an- 
other, is also a power law function. This is 
evident by comparing it to the standard form 
of the power law equation, y=kx", where n 
is the exponent, =+-0. Letting n=—1 in 
this equation gives y=k/x, the standard 
form for the equilateral hyperbola. By defi- 
nition, accommodation varies inversely as 
the distance (in meters) from a point to 
the eye, or, by symbols, A4=1/M, where A 
(accommodation in focal diopters) is the de- 
pendent variable and M (in meters) is the 
independent variable. It is, therefore, also 
an equilateral hyperbola (y=k/x) and a 


|| An asymptote is a straight line which is re- 
lated to a curve in such a way that as a variable 
point moves along the curve further and further 
from the origin its distance from this line con- 
tinually decreases and approaches 0 as a limit when 
the distance of the point from the origin becomes 
infinite. 
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power law function (y=ka") when n= —1. 
By using the prism diopter unit of con- 
vergence, the formula for convergence 
(C=AXP.D.=P.D./M) is also an equi- 
lateral hyperbola and power law function, 
identical to that of accommodation except for 
the value of the constant k, where the P. D. 
is expressed in centimeters, or P. D.X 100 
with P. D. expressed in meters. The geomet- 
ric derivation of this formula was presented 
in the 1955 American Orthoptic Journal.® 
The accommodation hyperbola is represented 
graphically in Figure 1 by the ordinate val- 
ues (positive and negative) under A, and by 
M on the abscissa (positive and negative). 
The convergence hyperbola is represented 
by the ordinate values under Column C, and 
by M on the abscissa. The two curves are 
superimposed because they are mathematic- 
ally identical, and a single point on the curve 
facilitates the determination of the coordi- 
nate values of all three variables. It will be 
noted that one half of the hyperbola rep- 
resents all positive values of x and y and 
the other represents all negative values. The 
negative distance, —M, on the x-axis has 
the same meaning as the imaginary focal 
point behind the hypermetropic eye. The 
negative, — A, ordinate (y-axis) values indi- 
cate the corresponding hypermetropic di- 
optric distances, 

Example: A+3.00 D. hypermetrope may 
relax accommodation from any real, physi- 
ologically attainable value, say 1 meter 
(where he is using 4 D. accommodation) 
through plus infinity (where he is using 
3 D. accommodation) to minus _ infinity 
(where he is still using 3 D. accommoda- 
tion) to —4%4 M (where his accommodation 
becomes zero.) The ~—3 D. coordinate in 
this case thus indicates the amount of ac- 
commodation which can be relaxed “beyond 
infinity” and may be called “negative ac- 
commodation,” since it is on the negative 
half of the hyperbola. This should not be 
confused with relaxation of accommodation 
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on the positive half of the curve. Negative 
accommodation in this sense is only possible 
for hypermetropes, 

We now have two equilateral hyperbolas 
each of which has a variable which is com- 
mon to both equations. It is fixation dis- 
tance, M. This is called a parameter, and 
if a direct relation of accommodation to 
convergence is desired, it may be eliminated 
as follows: 

A=1/M (1) 

C=P.D./M (2) 
When equation (1) is multiplied with the 
value P. D., it becomes 

AXP. D.=P.D./M 
and is, therefore, equal to equation (2). 
Things equal to the same thing are equal 
to each other, mathematically, and equating 
(1) to (2) parametrically, i. e., by eliminat- 
ing P.D./M, 

AXP. D.=C 
where C is expressed in prism diopters, 
P.D. is in centimeters, and A is focal 
diopters for an emmetropic patient. It is 
now evident from the above parametric re- 
lationships that each dependent variable (ac- 
commodation and convergence) may be 
solved directly if the value of the other is 
known, Therefore, either function may be- 
come the independent variable as the other 
becomes the dependent variable. 

Dr. William Bruce, Ph.D., Professor of Math- 
ematics, Lower Columbia Junior College, Long- 


view, Wash., gave inspiration and assistance in 
the preparation of this manuscript. 
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Studies on the Glutathione in Bovine Lens 


JIN H. KINOSHITA, Ph.D., and THOMAS MASURAT, B.A., Boston 


Introduction 


Many investigators have reported on the 
presence of glutathione (GSH) in lens. 
Glutathione has been suspected of serving 
some important functions in the physiology 
of the lens, since one of the first observable 
changes in experimental cataract formation 
is a marked decrease in GSH concentration. 
The reason for the presence of the unusually 
high concentrations of GSH has never been 
adequately explained. It has been definitely 
established that one of the factors contribut- 
ing to the presence of this tripeptide is that 
the lens is capable of its synthesis. The in- 
corporation of radioactive glycine into the 
glutathione molecule was demonstrated to 
occur in the lens by Kinsey and Merriam.” 
Recently, GSH synthesis from its compo- 
nent amino acids in lens homogenates was 
observed by Daisley.* 

However, other factors leading to the 
accumulation of this tripeptide have not been 
thoroughly studied. The present paper is 
an attempt in this direction and reports a 
study on the various factors which may in- 
fluence the state of GSH in lens. It is di- 
vided into three sections: (1) the possible 
relationship between glutathione and carbo- 
hydrate metabolism, (11) the peptidase ac- 
tivity of lens, (III) the extractability of 
glutathione from the lens. 


Methods 


Many of the methods, experimental procedures 
and materials employed have been described in 


7 


previous reports. Radioactive assays were made 


with a Geiger gas-flow counter rather than the 
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end-window counter used in previous studies. The 
phosphate buffer employed in the C glucose study 
was composed of 0.04 M Nak phosphate buffer, 
pH 7.5; 0.08 M NaCl, and 0.005 M MgSO, 

In the peptidase studies, glycine was measured 
on trichloracetic acid filtrates by the method of 
Alexander et al.* Peptidase activity was deter- 
mined by the procedures described by Schwarz 
and Engel.” The extent of glutathione hydrolysis 
was followed by the amount of cysteinylglycine 
released, with use of the Sullivan-Hess method.’™ 
Cysteinylglycine was prepared from glutathione ;* 
y-glutamylglycine was synthesized by the method 
of King and Kidd,” and a-glutamyl glutamate was 
supplied by Dr. E. G, Ball. All other peptides used 
were obtained commercially. The following pro- 
cedures were employed to separate the leucyl- 
glycine and glycylleucine dipeptidases. Bovine lens 
was homogenized in a Waring Blendor for three 
minutes with 10 volumes of cold distilled water. 
The homogenate was centrifuged at 1500 rpm 
in a No. 1 International centrifuge for 10 min- 
utes, and the precipitate recovered was discarded. 
The resulting supernatant fluid was chilled in an 
ice bath, and solid ammonium sulfate was added 
until the lens homogenate was 30% saturated 
with respect to the ammonium sulfate concentra- 
tion. The mixture was centrifuged in a Servall 
centrifuge at 8 C, and the precipitate recovered 
was discarded. The ammonium sulfate concentra- 
tion of the supernatant fluid was then raised to 
40% saturation by the addition of solid am- 
monium sulfate. The precipitate recovered after 
centrifugation was the 30%-40% fraction. Am- 
monium sulfate concentration of the supernatant 
fluid was then raised to 60%, and the precipitate 
which resulted was the 40%-60% fraction. Each 
fraction was dissolved in a volume of water one- 
The 
fractions were dialyzed overnight at 8 C against 


fifth that of the original lens homogenate. 


100 volumes of water to remove the excess am- 
monium sulfate. A volume of 10 ml. of the 40%- 
60% fraction was treated with 4 ml. of calcium 
phosphate gel which contained 1.3 gm/ml. of cal- 
cium phosphate.“ After centrifugation, the leucyl- 
glycine dipeptidase was eluted from the gel with 
5 ml. of 0.1 M NasHPO, solution. 

In the glutathione extraction studies, bovine lens, 
the weight of which was determined on a torsion 
balance, was incubated in 10 ml. of buffer con- 
tained in an Erlenmeyer flask and shaken in a 


or 
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water bath at 38 C. The hypertonic phosphate 
buffer employed in this study was made up of 
0.1 M phosphate buffer, pH 7.4, and 0.16 M NaCl. 
The isotonic buffer contained 0.06 M_ phosphate 
buffer, pH 7.4, and 0.072 M NaCl. The hypotonic 
phosphate buffer was made by taking one volume 
of the isotonic buffer and one volume of water. 
After the incubation, the lens was removed, rinsed 
in distilled water, and placed in a 25 ml. graduated 
test tube. It was homogenized in 8 ml. of 10% 
sulfosalicylic acid (SSA). The volume was made 
up to 20 ml. with distilled water and then filtered. 
The incubating medium was quantitatively trans- 
ferred from the flask to a 25 ml. graduated tube, 
acidified with 5 ml. of 10% SSA, and made up 
to a volume of 20 ml. with water. Glutathione 
was determined on these acid filtrates by the 
nitroprusside test.” Oxidized glutathione was elec- 
trolytically reduced, with use of the conditions de- 
scribed by Dohan and Woodward,” with the 
modifications of Bhattacharya et al." The amount 
of glutathione in the oxidized form was taken as 
the difference between the values obtained before 
and after electrolytic reduction. As a check of 
this method, known amounts of oxidized gluta- 
thione were added to SSA filtrates of lens, and 
the recovery observed was always above 96%. 


Results and Comment 


Section I. The Possible Relationship Be- 
tween Glutathione and Carbohydrate Metab- 
olism.—In a _ previous paper® evidence 
suggested that in lens carbon dioxide pro- 
duced from glucose metabolism may proceed 
by way of the shunt mechanism. It was also 
pointed out that the reoxidation of reduced 
triphosphopyridine nucleotide (TPNH) 
formed in the direct oxidation of glucose-6- 
phosphate may not necessarily involve the 
cytochrome system. As a working hypothe- 
sis, the GSH-ascorbic acid oxidative system 


TasLe 1.—O-xidation of 1-C" Glucose by Bovine Lens * 


was proposed as a possible alternate electron 
acceptor system in lens. The evidence for 
the first step of this scheme was the demon- 
stration that the enzyme, GSH reductase, is 
able to catalyze the interaction of TPNH 
and oxidized glutathione (GSSG). In lens 
homogenates, it was shown that the dehydro- 
genases of the shunt pathway can be coupled 
with GSH _ reductase. This reaction can 
serve as a possible mechanism by which 
sufficient quantities of TPN in the oxidized 
form are available for use in the direct oxi- 
dative pathway. Since there is a_ small 
amount of GSSG found in lens, some mech- 
anism must also exist which is capable of 
oxidizing glutathione. Further study is 
needed to elucidate this process. 

The participation of the GSH reductase 
was suggested by the observation that when 
lens is incubated in presence of GSSG a 
stimulation in the oxidation of carbon-1 
(C-1) of glucose by 88% results. How- 
ever, further study has revealed that this 
large stimulation is only observed when lens 
is incubated in phosphate buffer. As shown 
in Table 1, GSSG caused only a slight stim- 
ulation of C-1 oxidation of glucose when 
Krebs-Ringer solution was the buffer em- 
ployed and had no effect when bovine aque- 
ous humor was used. The explanation may 
be that in phosphate buffer the reoxidation 
of TPNH is not as rapid as its formation 
by the dehydrogenases of the shunt mech- 
anism. Therefore, in this case, the excess 
GSSG increased the C-1 oxidation of glu- 
cose by stimulating the reoxidation of 
TPNH. In the other buffers, the oxidation 


State of Lens Buffer 

Normal Phosphate 
Normal Phosphate 
Norma! Krebs-Ringer 
Norma! Krebs-Ringer 
Normal Aqueous humor 
Normal Aqueous humor 
Preincubated Aqueous humor 
Preincubated Aqueous humor 
Preincubated with 10 mg. NEM Aqueous humor 


Preincubated with 10 mg. NEM Aqueous humor 
Preincubated with 10 mg. NEM Aqueous humor 
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Recovered 

0 4054-22 
10 732451 
8 0 672425 
10 715-22 
4 0 740-421 
4 10 +B 
0 680-420 
2 10 005-415 
4 70-413 
4 10 172414 
4 (G8H) 14418 


was for one hour in Kre' 
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)'* glucose, with a specific activity of 406 M. The 
of lens Ringer bafler, after 


4 
: 
*Bovine lens was incubated in 8.0 ml. of buffer containing 204M /ml. of 1-C a8 
results are expressed as = /2¢m. wet weight /four hours. The preincubatio : 
which the lens was transferred to the aqueous humor containing 1-C '* gh - 
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of TPNH is not the rate-limiting step, and 
consequently the presence of excess GSSG 
does not influence the C-1 oxidation of glu- 
cose. As is shown in Table 1, this explana- 
tion is consistent with the observation that 
the presence of GSSG in phosphate buffer 
increases the amount of C'™Os produced 
so that it is equal to that observed in the 
other two buffers. 

When aqueous humor was employed as 
the buffer, the presence of GSSG stimulated 
C-1 oxidation of glucose under one experi- 
mental condition. The observation was made 
on lens treated with N-ethylmaleimide 
(NEM), which is a compound known to 
combine irreversibly with sulfhydryl 
groups.’* It was thought that if NEM would 
combine with GSH then the conversion of 
GSH to GSSG would be blocked, and, since 
only a small amount of the oxidized form is 
present, a need for GSSG would soon result. 
To approach this problem experimentally, 
lens was preincubated in 10 ml. of Krebs- 
Ringer buffer containing 10 mg. of NEM. 
After one hour the lens was transferred to 
a flask containing aqueous humor with added 
1-C'* glucose and incubated for an additional 
four hours. As the results indicate (Table 
1), the rate of C-1 oxidation to C%O2 was 
markedly reduced. The NEM-treated lens 
yielded only 70 cpm of CO, while the 
control lens, similarly preincubated in 
Krebs-Ringer buffer without NEM, oxidized 
glucose to produce 680 cpm of C™Os. The 
addition of either glutathione or GSSG in 
the aqueous humor increased the C-1 oxida- 
tion of glucose by the NEM-treated lens. 
Since it was shown in this study that the 
GSH is rapidly oxidized in aqueous humor, 
the observed increase in C-1 oxidation must 
be due to the GSSG. The presence of GSSG 
did not increase the oxidation to values ob- 
tained by the control lens. Apparently the 
action of NEM was not restricted to com- 
bining with GSH but also inhibited essential 
enzymes by reacting with their sulfhydryl 
groups. It was shown in these lenses treated 
with NEM that a 50%-60% drop in gluta- 
thione concentration occurred. It may ap- 
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pear somewhat surprising that such a large 
inhibition in the C-1 oxidation was observed 
when a considerable amount of GSH was 
still detectable in lens. However, as indi- 
cated in the findings of Section III, most 
of the glutathione is bound in some manner 
so that it may not be easily converted to the 
oxidized form. 

The activity of glutathione reductase in 
lens was next determined to establish wheth- 
er it is sufficiently active to carry out the 
proposed oxidative function. Two methods 
were employed in this study. At 38 C, the 
method of Rall and Lenhninger ™ indicated 
that 4.4 micromoles (uM) of GSSG were 
reduced (or TPNH oxidized) per hour by 
1 gm. (wet) of dialyzed bovine lens homoge- 
nate. The GSH reductase activity was also 
measured by following the reduction of 
TPNH spectrophotometrically, with use of 
the conditions employed by van Heyningen 
and Pirie.” By this method, the GSH re- 
ductase activity was 1.74M/gm/hour at 
25 C. From these results it appears that the 
Q1o of the reaction is about 2.2. The GSH 
reductase activity observed in these studies 
is in fair agreement with that observed by 
van Heyningen and Pirie.” 

From the oxidation of C-1 of glucose in 
aqueous humor (Table 1), it can be calcu- 
lated that about 0.24M/gm/hour of glucose 
is oxidized via the shunt mechanism. Since 
in this pathway for each mole of carbon 
dioxide produced there are two reactions 
which yield reduced TPN, the rate of pro- 
duction of TPNH is 0.44M/gm/hour. It 
would appear, therefore, that the GSH re- 
ductase activity of 4.4uM/gm/hour is suffi- 
ciently active to serve as the mechanism for 
the reoxidation of the coenzyme. 

It may be noteworthy that the enzymes of 
the shunt mechanism and GSH reductase are 
found in the same fraction of the cell—that 
is, in the soluble cytoplasm. This suggests 
the possibility of the interaction of these 
enzymes in other tissues as well as in lens. 
Since TPN is present in small quantities in 
most tissues, it would seem advantageous 
for the oxidation of this coenzyme to take 
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place in the same compartment of the cell. 
This would then avoid the necessity of 
TPNH to unload electrons into the mito- 
chondria, which may be a time-consuming 
process, especially in those tissues with a 
low mitochondria content. To pursue fur- 
ther the idea of the interaction between the 
dehydrogenases of the shunt mechanism and 
glutathione reductase, other tissues were 
assayed to see whether a correlation existed 
between the distribution of the enzymes con- 
cerned. Various tissues from rabbits were, 
therefore, assayed, and the results of the 
distribution of these enzymes is shown in 
Table 2. It would appear that there is no 
positive correlation, since the adrenal gland 
has the highest dehydrogenase activity but 
a low reductase activity. However, this tis- 


TaBLe 2.—Distribution of Enzymes im Various 
Tissues 


GSH 
Reductase, 
Units/Gm. 


Dehydrogenases, 
Units*/Gm. 
Animal 
G-64-P 
Bovine 
Rabbit 
Rat 
Bovine 
Rabbit 
Rabbit 
Rabbit 
Rabbit 
Rabbit 
Rabbit 


Corneal Epithelium 
Adrenal 
Kidney cortex 
Kidney medulla 

eart 


Skeletal muscle 


*A unit of enzyme is the amount which reduces or oxidizes 0.01 
uM of TPN per minute. The assays are made after the reduc- 
tion or oxidation of TPN spectrophotometrically, and the 
conditions employed have been previously repo . one 


sue is unique, since TPNH is necessary for 
the enzymes in steroid formation.** In other 
tissues there appears to be a good correlation 
between the distribution of these enzymes, 
indicating that those tissues with high dehy- 
drogenase activity also possess high reduc- 
tase activity. Heart and skeletal muscles 
are both low in dehydrogenase and reductase 
activities. It seems that in other tissues there 
exists the possibility of interaction between 
these two enzyme systems. However, in lens 
the reductase may play a more important 
role than in other tissues because, with the 
exception of the epithelium, cytochrome ac- 
tivity has never been clearly demonstrated. 

If one accepts the possibility that the 
GSH reductase can participate in such an 
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oxidative mechanism, an interesting specula- 
tion can be made to explain the presence of 
glutathione in lens. In the glycolytic path- 
way, the oxidation of glyceraldehyde phos- 
phate to diphosphoglyceric acid (Vig. 1) 


Glyceraldehyde-P 
di-P Glycerate OPNH 
Glycolytic Pathway 
GeP ( TPN® 
6-PG ) TPNH 


Oxidative Shunt Mechanism 


Lactate 


Pyruvate 


Fig. 1.—Coupled oxidation-reduction reactions. 
results in the reduction of diphosphopyridine 
nucleotide (DPN). For glycolysis to con- 
tinue it becomes essential to reoxidize the 
DPNH formed. The glycolytic scheme is 
fortunate in having available a “built-in” 
oxidation-reduction system, in which the 
DPNH_ is reoxidized by pyruvate and the 
latter is converted to lactate. A similar situ- 
ation may be involved in the shunt mech- 
anism ; the oxidation of glucose-6-phosphate 
or 6-phosphogluconate brings about the 
reduction of TPN. The GSSG-GSH fune- 
tions in a manner similar to the pyruvate- 
lactate system—namely, in the reoxidation 
of the reduced coenzyme. This comparison 
may be carried a step further; if lactate is 
found in the lens as the result of the gly- 
colytic mechanism, then the presence of 
glutathione may be regarded as reflecting 
the result of the alternate oxidative pathway. 

Can this mechanism alone explain the high 
glutathione content of the lens when the 
shunt mechanism plays a limited role in 
glucose metabolism? Perhaps the reoxida- 
tion of glutathione is so sluggish that a 
large amount of GSH is necessary to main- 
tain a certain level of GSSG. Upon assaying 
for GSSG (Table 3) we found a greater 
amount of GSH after electrolytic reduction 


269 


= 
GSH 
GSSG 

Tissue 
Liver 408 

270 
150 
450 
140 
34 
4 


Taste 3.—Glutathione and Oxidized Glutathione 
Content of Bovine Lens 


Glutathione, 
Mg./100Gm.+8.E. 


304.141.9 
11.3413 


Observations, 
No, 
Glutathione, reduced form 78 
Glutathione, oxidized form 25 


in all 25 lenses. This would indicate that a 
small amount of glutathione, 11 mg. per 
100 cc., is present as the oxidized form in 
the lens. Therefore, even though the oxida- 
tion of glutathione may be difficult, the high 
concentration of 304 mg. per 100 cc. appears 
to be out of proportion to insure the pres- 
ence of such a small amount of the oxidized 
form. It would seem that the glutathione in- 
volved in an oxidation-reduction reaction in 
conjunction with the shunt mechanism only 
partially explains its presence in the lens. 


Section II, Peptidase Activity of Lens.— 
To obtain some measure of the stability of 
glutathione in the lens, the hydrolytic action 
of the lens on this tripeptide and other pep- 
tides was studied. Peptides were incubated 
in lens homogenates at 38 C, and the extent 
of their hydrolysis was measured either by 
the release of free glycine, by the increase 
in the ninhydrin reactive compounds, or, in 
the case of glutathione, by the amount of 
cysteinylglycine released, 

The results shown in Table 4 indicate that 
although the hydrolytic action of 
homogenate effectively splits most peptides 
it seems peculiarly inactive against gluta- 
thione. An hour incubation with lens homog- 
enate was sufficient to effect considerable 


lens 


TABLE 4.—Peptidase Activity of Bovine Lens 
Homogenate * 
% of 
Peptide 
Hydrolyzed 


Incubation 


Peptide Period, Hr. 


80-85 
37-40 
31-35 
18-20 
14-19 
12-17 

8-12 


Glyeylleucine 
Leucylglycine 1 
Glyeyltyrosine 
a-glutamy! glutamate 1 
Cysteinylglycine 
Glycylelycine 1 
Leucylelycylelycine 1 (complete 
hydrolysis) 

to cysteinylglycine <2 
to glycine <2 


Glutathione 3 
4 <2 


( y-glutamyleysteinylglycine) 
y-giutamylglycine 


*Ten micromoles of peptide were incubated with 7.5 mg. lens 
protein (dry weight) at 38 C in phosphate buffer, pH 7.4, and 
the total volume was 2.0 ml. 
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hydrolysis of most peptides, but only a 
small fraction of glutathione was split even 
when it was incubated for three hours. It 
appears that the y-glutamyl bond is the re- 
sistant site on the glutathione molecule, for 
lens homogenate is not capable of splitting 
y-glutamylglycine. Apparently in the lens 
there is no enzyme which is able to attack 
the y-glutamyl bond. However, the a-glu- 
tamyl bond is easily split by lens peptidases, 
as evidenced by the hydrolysis of a-glu- 
tamyl glutamate. The specificity of the lens 
peptidases is also demonstrated by the fact 
that the dipeptide, cysteinylglycine, is 
rapidly hydrolyzed but the cysteinylglycine 
bond in the glutathione molecule is not af- 
fected by lens homogenates. 


Taste 5.—Separation of Leucylglycine and 
Glycylleucine Dipeptidases 


Activity* 


Glycylleucine Leucylglycine 
Original lens homogenate 
40% fraction 
40%-0% traction 
40 0%, fraction after 
treatment with calcium 
phosphate gel 
Eluant of gel 


“Activity is expressed as micromoles of peptide split in one 
hour by 10 mg. (dry) protein. It was speasuved by the amount of 
glycine released when 104M of peptide was incubated for 30 min- 
utes at 38 C in 0.1 M phosphate buffer, pH7, in presence of the 
protein fractions. The protein concentration was adjusted so 
that less than 50% of the peptide was hydrolyzed. 


Zeller et al.** have previously studied the 
peptidase activity of the lens. Their study 
suggests the possibility that, instead of one 
enzyme being responsible for the hydrolysis 
of all peptides, each peptide may be acted 
on by a distinct enzyme. Further evidence 
supporting this view was obtained by affect- 
ing a separation of the two most active lens 
dipeptidases. The procedure for the separa- 
tion of the glycylleucine and leucylglycine 
dipeptidases is described in the section on 
Methods. The results, summarized in Table 
5, show that the ammonium sulfate frac- 
tionation did not achieve a very good separ- 
ation of the dipeptidases. The leucylglycine 
dipeptidase appears to be concentrated in 
the 40%-60% fraction, whereas the glycyl- 
leucine dipeptidase is about equally distrib- 
uted the fractions. The 
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addition of the calcium phosphate gel to the 
40%-60% fraction seemed to remove the 
leucylglycine peptidase but did not adsorb 
any of the glycylleucine peptidase. There- 
fore, the glycylleucine enzyme was recovered 
in the supernatant fluid after centrifugation. 
The leucylglycine peptidase was removed 
from the gel by extraction with 0.1 M 
NagHPO,. The higher activity of the leucyl- 
glycine dipeptidase in the sodium phosphate 
eluant indicates that the enzyme had been 
concentrated and purified twofold over the 
initial homogenate. The lower glycylleucine 
peptidase activity of the various fractions 
than that observed in the original homoge- 
nate suggests that during the fractionation 
procedures either there occurred some dena- 
turation of the enzyme or a necessary co- 
factor was lost. However, the addition of 
the supernatant fluid of a boiled lens homog- 
enate or manganese or cobalt ions did not 
appreciably increase the peptidase activity 
of these fractions. 


These studies on the lens peptidase activi- 
ties demonstrate that one of the contributing 
factors for the accumulation of glutathione 
in lens is the relatively slow process by 
which glutathione is hydrolyzed. 


Section Ill. The Extractability of Lens 
Glutathione.—Since glutathione is not rap- 
idly destroyed in lens, the factor which may 
govern the amount of this peptide is its dif- 
fusion out of lens. To study this aspect of 
glutathione metabolism, its extractability 
was followed by incubating lens in a hyper- 
tonic phosphate solution for varying periods 
up to four hours. The amount of glutathi- 
one retained in the lens and that released 
into the medium was determined. The re- 
sults are shown in Figure 2. The glutathione 
value normally found in lens was determined 
on 78 lenses. Each point representing the 
period of incubation was determined by at 
least eight lenses. The spread of the values 
obtained is noted on the graph. Initially 
there appears to be a fairly rapid extraction 
of lens glutathione, but very little is ex- 
tracted between the second and fourth hours 
of incubation. The amount found in the 
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medium represents total glutathione, GSH 
and GSSG, which diffused from lens and 
is expressed in terms of the lens weight. 
Only the reduced glutathione of lens is re- 
corded on this graph, but the amount of 
GSSG would contribute very little to the 
values. The sum of the glutathione found 
in the lens and medium does not change 
significantly during the incubation. 

At first, it was thought that the extrac- 
tability curve reflected an equilibrium state, 
one in which approximately 80% of the 
glutathione was retained in lens and 20% 
found in the media. If this were the case, 
a continual drop in lens GSH would be 
observed if fresh buffer were substituted at 
the end of each hour. However, when this 
experimental procedure was carried out no 
further drop in GSH content was observed. 
These results were confirmed by another 
experiment, one in which an active gluta- 
thione-splitting enzyme, purified from bo- 
vine kidney,”* was placed in the medium in 
which lens was incubated. Under these cir- 
cumstances, as glutathione diffused out of 
lens it would be rapidly split and if an 
equilibrium were involved a progressive drop 
in glutathione content should be observed. 
However, four hours of incubation in the 
presence of this enzyme lowered the GSH 
content of lens by no more than 23% of 
the original value. The extractability of 
GSH was not affected whether the incubat- 
ing medium was at pH 5.3, 7.4, or 8.0 or 
whether the gas phase wa» air or nitrogen. 
The concentration of the extraction medium 
had some effect on the extractability. In 
isotonic phosphate buffer or in Krebs-Ringer 
buffer, as shown in Figure 3, GSH was only 
slowly extractable. On the other hand, hypo- 
tonic and hypertonic phosphate solution have 
a similar extractability curve. The greatest 
effect was observed when lens was incubated 
in hypertonic phosphate buffer which con- 
tained either 3.0 M urea or 1.5 M guanidine 
hydrochloride. In these cases, lens GSH 
was rapidly extracted. The glutathione ex- 
tracted could be recovered in the medium. 
When the experiment was run under nitro- 
gen to prevent the oxidation of glutathione 
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Lens + Media 


GLUTATHIONE 


Fig. 2.—Extractability 
of lens glutathione. 


2 
HOURS 


in the media, the sum of the GSH in the 
lens and medium was equal to the value 
normally found in lens. In these cases, the 
effect is not due to the extreme hypertonicity 
of the solutions, for 3.0 M glucose or 3.0 M 
NaCl had no such effect. Apparently, urea 
and guanidine, known for their ability to 
split hydrogen bonds, caused the rapid ex- 
traction of glutathione by releasing it from 
the binding sites. 

These extraction studies suggest that of 
the glutathione found in lens approximately 
20% may be considered as “free” gluta- 
thione. In situ, since it is difficult to demon- 
strate the presence of GSH or GSSG in the 
aqueous humor, even this fraction is not 
readily diffusible. This is indicated by the 
slow diffusion of GSH from lens in isotonic 
solutions. The small amount observed in 
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the isotonic medium may be due to the 
mechanical agitation incurred by the lens 
during the incubation procedure. When the 
lens is incubated in the hypo- or hypertonic 
medium this fraction is made readily extract- 
able, either because these solutions affect the 
permeability of the lens or perhaps because 
they release GSH from weak binding sites. 

The major fraction of glutathione appears 
to be bound in some manner. Since concen- 
trated urea and guanidine solutions caused 
a rapid extraction of lens glutathione, and 
similar strengths of glucose or sodium chlo- 
ride had no effect, it seems that some type 
of hydrogen bonding is involved. Just what 
purpose this fraction of glutathione serves 
in lens and just what relationship it has with 
the protein sulfhydryl groups are questions 
still to be investigated. 
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GLUTATHIONE 


Fig. 3.—Influence of 
various media on extract- 
ability of lens glutathi- 
one. J, isotonic phosphate 
buffer and Krebs-Ringer 
buffer; 77, hypotonic or 
hypertonic phosphate buf- 
fer; //1, 3.0 M urea or 
15 M guanidine hydro- 
chloride in hypertonic 
phosphate buffer. 


Summary 


Various factors influencing the state of 
glutathione in the lens have been studied. 
The manner in which glutathione may 
participate in carbohydrate metabolism is 
discussed. It appears possible that an inter- 
action of the dehydrogenases of the shunt 
mechanism and glutathione reductase may 
exist. 

Although the lens possesses a high pepti- 
dase activity, it does not have the ability 
to hydrolyze glutathione very rapidly. Ap- 
parently, there is no active enzyme which is 
able to split the y-glutamyl linkage of gluta- 
thione. 


Extractability studies of lens glutathione 
have suggested that approximately 20% is 
readily extractable. Since concentrated urea 
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and guanidine solutions can effect a rapid 
extraction of lens glutathione, it appears 
that a major fraction of glutathione is bound 
to lens protein by hydrogen bonding. 


243 Charles St. (14). 
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Effect of 
of Adrenal 


HERMAN J. NORTON Jr., M.D., Rochester, N. Y. 


In a previous publication ' concerned with 
a system of panophthalmic stereophotog- 
raphy, brief mention was made relevant to 
a unit of the system used for permanently 
labeling ophthalmic  stereotransparencies. 
The present communication presents the 
details of this photographic instrument. 

Generally speaking, when a photograph 
is made there are usually important data 
pertinent to the picture. The high value of 
such data is manifest when one is dealing 
with scientific photography, and it increases 
still further in importance when the field is 
medicine, where pathological recordings may 
have significant direct bearing on the diag- 
nosis, prognosis, and therapy of human 
afflictions. 

There has long been a need for the elimi- 
nation of the usual data record book or 
sheets, which are not infrequently mislaid, 
mixed up, or lost completely after photog- 
raphy. In addition, eradication of the in- 
evitable time-consuming label period once 
transparencies are returned from the lab- 
oratory is desirable. Thirdly, it is evident 
that a photographically labeled picture has 
to be permanently marked at the time of 
the original exposure. It is reasonable to 
believe that such a photographic record is 
increased considerably in forensic value over 
the one labeled by hand several days after 
exposure either from memory or from ill- 
kept records. 
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Data Camera for Labeling Ophthalmic Stereograms 


The Stereofilm Format 


In the attempt to develop a maximally 
composite and efficient system of ocular 
stereography, a 35 mm, film pack was 
adopted. Such a choice, as described in the 
above-mentioned publication, has many ad- 
vantages, one being that it permits the sur- 
geon-filmer to label each individual stereo- 
gram permanently at the time the exposure 
is actually made. 

The color film strip used measures 
100 35 mm. Corresponding points in each 
component of the stereoscopic pair are 63 
mm. apart, and the distance between the 
inner edges of each picture is about 45 mm. 
It is the existence of the 45 mm. interpicture 
space which makes individual permanent 
labeling possible, whereas had 35 mm. roll- 
type film been chosen such a data system 
would be impossible. The dimensions of the 
exposed interpicture data area are 24% 22 
mm. This represents a considerable minifica- 
tion of the original camera data card, meas- 
uring 6048 mm. It has been found that 
this is ample room for data relevant to a 
particular stereogram. Information includ- 
ing the patient’s name, age, hospital number, 
and date as well as the eye involved, diagno- 
sis, treatment, and disposition fits conveni- 
ently in the interpicture space provided, All 
data are easily read by holding the stereo- 
transparency up to a light. We have found 
that permanent photographic labeling at the 
time of exposure has given rise to great 
satisfaction by increasing the accuracy of the 
recorded data through the elimination of 
errors which formerly crept in during the 
transfer of facts from a data book to the 
developed transparency. Figure 1 gives an 
over-all view of the 35 mm. film pack and 
a mounted simultaneously exposed retinal 
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stereogram, the later having been repro- 
duced specifically to demonstrate the re- 
lationship of the data area to the components 
of the stereoscopic picture and not par- 
ticularly to bring out the details of the 
retinal picture. Examination of the stereo- 
gram will reveal that the actual data area 
covers an area of 5.5 sq. cm. This means 
that an 8 to 10 mm, unexposed area remains 
between the data area and each component 
of the stereogram, thus preventing con- 
fluence of the two, which would obviously 
be an intolerable situation. Figure 2 shows 
an enlargement of the same stereogram with 
particular attention given to the retinal pic- 
ture per se. It shows a normal fundus 
stereoscopically photographed. 

Figure 3 shows the data card used in the 
photographic labeling system under discus- 
sion. The actual data area of the card covers 
about 28 sq. cm. This original area is then 
reduced by the optical system to 5.5 sq. cm. 
so that it will fit conveniently in the avail- 


Fig. 2.—Magnification 
of the labeled retinal 
stereogram, showing de- 
tails of the fundus pic- 
ture and data area. 
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Fig. 1—A 35 mm. film 
pack with protective film 
slide partially pulled out 
and a mounted retinal 
stereotransparency. 


able interpicture space on the film. As 
shown, the physician’s name and address 
can be printed on the top of each data card. 
This assures absolutely correct identification 
of all films, thus preventing loss or mix-up 
due to failure to include a name and return 
address, The small rectangular cut-out seen 
on the card helps to stabilize the card when 


it is in position in the camera. The infor- 
mation on the card is conveyed to the stereo 
film through the use of the data camera 
now to be considered, 


The Data Camera 


The camera is box-shaped, having a 
hinged cover which snaps shut over its 
superior surface. A square opening located 
in this surface overlies the camera lens 
below and coincides with the interpicture 
film space above. The film track of the 
superior surface of the data camera has 
the same dimensions as the track of the 
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Fig. 3.—A typical data card filled in, showing 
the physician's identifying letterhead above. 
retinal stereocamera described in a past com- 
munication and therefore will accommodate 
the same 35 mm. film pack used in absolute 
retinal stereography. A metal band over 
the distal end of the film track, under which 
the film pack fits, holds the end of the pack 
in proper position when the camera is 
loaded, thus preventing the possibility of 
straining or springing the camera cover as 
it is closed. The last feature of the superior 
surface is a microswitch located at the center 
of the distal end of the film track. This will 
be considered in further detail under a 
description of the technique involved, 

Four short rubber legs comprise the only 
characteristic of the inferior surface of the 
camera. These merely raise the base of the 
unit slightly and prevent it from sliding on 
smooth surfaces when the shutter is trig- 
gered at the time of exposure. The plunger 
actually makes contact with the shutter pin 
inside the camera. 


Norton 


One end of the camera contains the elec- 
trical supply cord, which enters to the inside, 
while the opposite end contains the data card 
already considered above. Most of the fea- 
tures described in the text can be seen in 
Figure 4. 

The internal contents of the camera are 
divided into two parts: (1) the illuminating 
system and (2) the optical system. Light 
for the exposure is supplied by two small 
Christmas-tree-type lamps rated at 7 watts, 
115-125 volts and operated off the con- 
ventional 60 cps wall current. These are 
located, one above the other, on the inside 
of the front surface of the camera, one at 
its upper and one at its lower edge. When 
the film pack is inserted into the camera 
and the camera cover is closed, the micro- 
switch activates the lamps. With this illumi- 
nation an exposure of 0.04 second at F/4 
has been found to be proper. When such 
lamps are used, no built-in transformers are 
required, promoting lightness of weight as 
well as maximum efficiency and compact- 
ness. The optical system through which the 
data card facts are conveyed to the inter- 
picture space on the stereogram is composed 
of the following elements; (1) the data card 
or object contained in the slot at the end 
of the camera, (2) a 45-degree plane mirror 
positioned at the midpoint of the interior of 
the camera housing, (3) an Ilex 3.5 lens 
attached to the undersurface of the top of 
the camera and in line with the square open- 
ing described above. The camera lens posi- 
tioned above the mirror conveys the data 
card image formed in the mirror so that 


Fig. 4.—The data cam- 
era, showing plunger 
trigger, data card in posi- 
tion at end of camera, 
and protective film slide 
pulled out ready for ex- 
posure, 
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it comes to focus on the film contained in 
the film pack above. 


Use and Technique 


The aim has been to so simplify the label- 
ing process that little learning is required 
to obtain absolute accuracy. In this way, 
once the physician has made the stereo- 
ophthalmic exposure and has filled in the 
data card he may turn the task of photo- 
graphic labeling over to his secretary with 
the assurance that the data he has written 
down on the card will be exactly repro- 
duced on the stereogram. 

To make the technique clear, we may 
assume that the physician has just completed 
taking a stereotransparency photograph of 
the retina. Since there are important data 
in the case, he now wishes to make a per- 
manent record of the facts on the individual 
stereogram. The next step is merely to fill 
out a data card, as shown in Figure 3. The 
completed card and stereo pack are then 
handed the secretary, who keeps the 
labeling camera on her desk. She inserts the 
card into the card slot at the end of the 
camera, places the film pack in the track on 
the superior surface of the camera, and 
closes the camera cover, At this point the 
lamps are on. Next, the film slide is pulled 
out and the trigger plunger is pushed. This 
is shown in Figure 4. The protective film 
slide is then pushed in and the film pack 
is removed, all data having been permanently 
photographed on the particular stereogram 
involved. The stereophoto is then ready for 
immediate processing. There are perhaps 
only two ways an error can be made. They 
are (1) that the protective slide may not 
be pulled out before the camera plunger 
is pushed and (2) that the film pack may 
accidently be removed from the camera be- 
fore the protective slide is pushed back in. 
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In the case of the former no data will appear 
on the processed stereogram, for no ex- 
posure is made. In the latter case, of course, 
the entire film will be spoiled through ex- 
posure to daylight. 

The only part the physician plays in the 
data-labeling process is to record his re- 
marks on the data card, after which the 
entire procedure is handled by the secretary, 
thus relieving the physician for other impor- 
tant duties. The achievement has thus been 
to minimize the time devoted to “on the 
spot” labeling by the physician while ob- 
taining a high degree of permanent accurate 
film marking. Since the shutter speed and 
the diaphragm aperture are set at a fixed 
point, as already mentioned, no such adjust- 
ments are required by the secretary at the 
time of exposure. 


Summary 


The second unit of a system of ocular 
stereophotography is presented. A compact 
camera for permanent photographic labeling 
of individual ophthalmic stereograms is 
considered, The unit is a 35 mm. film pack 
camera, The camera makes it possible to 
utilize the interpicture space between the 
two components of ophthalmic stereograms, 
either intraocular or extraocular. Data perti- 
nent to the stereogram are recorded in the 
interpicture space by the labeling camera. 

The form of the camera, including the 
optical and illuminating systems, is de- 
scribed. An account of the suggested tech- 
nique is given. 

Mr. A. S. Clarke, of Washington, D. C., gave 


help during the development of the unit. 


1135 S. Winton Rd. (18). 
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Metastasis of Adenocarcinoma of Colon to 
Conjunctival Surface of Lid 


PAUL J. OSTRIKER, M.D., Stamford, Conn. 


Although many varieties of primary neo- 
plasms may involve the eyelids, it is most 
unusual for the lids to be the site of a dis- 
tant metastasis of a malignant tumor, This 
is a case report of an adenocarcinoma of the 
colon with a distant metastasis presenting 
on the conjunctival surface of the lid. No 
previous report of a primary neoplasm with 
distant metastasis to this site could be found 
in the literature, and only one other case has 
been reported! wherein a neoplasm had a 
distant metastasis to the eyelid at all. 


Report of a Case 


The patient, a 57-year-old white man, first 
came to the attention of his general surgeon, 
Dr. Sidney M. Cohen, of Jackson Heights, 
N. Y., in October, 1953, complaining of 
bowel irregularity and bloody stools for 
several weeks. A palpable mass was present 
in the right lower abdomen, and x-rays were 
highly suggestive of a neoplasm of the lower 
ascending colon. A right hemicolectomy and 
ileotransverse colostomy were performed. 
No spread of the tumor to the liver or re- 
gional lymph nodes was seen grossly. Mi- 
croscopic studies of the specimen revealed it 
to be an adenocarcinoma of the colon, Grade 
2, with no extension to the regional nodes. 

The patient had an uneventful postop- 
erative course, remaining well until Decem- 
ber, 1954, at which time he developed vague 
abdominal pains and began to lose weight. 
X-rays did not reveal any lesion intrinsic 
to the gastrointestinal tract, but the weight 
loss continued and a nodular enlargement 
of the liver was noted after a few weeks. 
His course went steadily downhill, and 
jaundice developed. 
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In May, 1955, one and one-half years 
after his abdominal surgery, the patient be- 
gan to complain of an irritation of his right 
eye. A growth was seen projecting from 
the right upper lid and rubbing against the 
globe. The lid lesion grew rapidly, and, 
although he was a terminal carcinoma pa- 
tient, the eye irritation seemed to be one of 
his sources of greatest discomfort, An oph- 
thalmologic consultation was requested three 
weeks after the first appearance of the lid 
tumor. 

On examination the patient was found to 
have a pedunculated cylindrical tumor pro- 
jecting from the conjunctival surface of the 
right upper lid and about 4 mm. in length. 
It arose from a rather broad base 2 mm. 
superior to the middle of the upper lid 
margin, and its distal end extended about 2 
mm. below the lid margin. The lesion pro- 
duced extensive abrasions of the superior 
one-third of the right cornea. The surface 
of the growth was somewhat irregular, and 
there was some serosanguinous discharge 
from the ulcerated distal end. 

The lesion was excised, with use of local 
anesthesia, and was found to be very friable 
during the procedure. The dissection had 
to be carried into tarsal tissue to remove 
the gross lesion in toto. There was no clini- 
cal reappearance of the lid tumor at the 
time the patient died, three weeks later. The 
specimen was sent to Dr. David Grayzel, 
pathologist, Jewish Hospital of Brooklyn, 
for microscopic study. His report follows, 

Microscopic Study.—The section consists 
almost entirely of tumor, This tumor is a 
well-differentiated adenocarcinoma com- 
posed of small and large glandular struc- 
tures lined by tall columnar cells varying in 
size, shape, and nuclear staining. The latter 
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are large, irregular, and hyperchromatic. 
Mitotic figures are seen in moderate num- 
bers. The cells are heaped up and show 
loss of cell polarity. Some of the tumor 
cells appear to be mucin-secreting, and 
within some dilated lumina there is a faintly 
basophilic-staining mucinous material. The 
histologic picture is typical of adenocarci- 
noma of the intestinal tract. 

Diagnosis: Metastatic well-differentiated 
adenocarcinoma. 


Photomicrograph showing metastatic adenocar- 


cinoma of the conjunctival surface of the lid 
with histologic picture typical of adenocarcinoma 
of the intestinal tract. 


Comment 


A survey of the literature fails to reveal 
any other case of a distant metastasis of a 
neoplasm to the conjunctival surface of 
the lid. The only other reported case, to my 
knowledge, of a neoplasm that had distant 
metastasis to the eyelid at all is that of 
Thomas Cowan.' In his case an adenocar- 
cinoma of the stomach metastasized to the 
eyelid, presenting on the skin surface of the 
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lid and mimicking a chalazion. Vrabec re- 
ported a case? of a tumor of the upper lid 
secondary to an ipsilateral parotid gland 
tumor which proved to be invasive by direct 
lymphatic spread. This represents spread by 
direct extension rather than a distant blood- 
borne metastasis. There is no mention of 
metastatic tumors of the eyelid in Reese’s * 
monograph, “Tumors of the Eye,” or in the 
section on tumors of the eyelid in the fifth 
volume of Duke-Elder’s* “Textbook of 
Opthalmology” or in R. A. Willis’ textbook, 
“The Spread of Tumors in the Human 
Body.”® Generalized lymphomas that in- 
volve the eyelids along with other sites in 
the body are generally regarded as being 
neoplasms of multicentric foci rather than 
metastasizing to the distant sites, 

Gastrointestinal tumors rarely do metas- 
tasize to the head and neck, most of them 
being arrested in the liver.’ In one series ® 
of 179 cases of tumors arising in the portal 
area, 86 cases (48%) had hepatic metasta- 
ses, whereas only 35 (19%) of these had 
pulmonary metastases. Most intestinal tu- 
mors that metastasize to the lungs do so by 
first metastasizing to the liver and invading 
the efferent hepatic veins. However, intes- 
tinal neoplasms may also spread to the lungs 
via the thoracic duct. 

Those blood-borne tumor emboli that do 
get beyond the liver and into the lungs are 
usually arrested in the lung capillaries. 
However, if there were not merely transport 
of the tumor embolus to the lung but an 
actual secondary growth which infiltrated 
and entered a pulmonary vein, it can be seen 
how such a tumor embolus could pass to the 
left side of the heart and then to the head 
and neck, In this case there was no clinical 
evidence of pulmonary metastasis, but since 
an autopsy was not performed this cannot be 
excluded. 

In those cases where secondary infiltra- 
tive growths in the lungs can be excluded the 
method of transport of these paradoxical 
tumor emboli from the gastrointestinal tract 
or, for example, from the prostate to the 
head and neck region has been a subject of 
interesting speculation. The presence of a 
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patent foramen ovale or interventricular 
septal defect must provide only a rare ex- 
planation for bypassing of the lungs in 
these cases. Uninterrupted transpulmonary 
passage of solitary tumor cells has been 
postulated, but tumor emboli almost always 
consist of groups of cells and are appreci- 
able fragments of growth which are too 
large to pass through the pulmonary capil- 
laries. Batson® described a system of ver- 
tebral veins with reversible directions of 
blood flow that traverse the length of the 
spinal column and anastomose with the ab- 
dominal, thoracic, cervical, and cranial veins. 
The above-mentioned tumors might thus 
bypass the heart and lungs and metastasize 
to the head and neck through these veins. 
Willis ® does not believe it is usually neces- 
sary to explain the spread of intestinal tu- 
mors to the peripheral organs by such 
unusual mechanisms as the vertebral veins 
or foramen ovale or transpulmonary passage 
of solitary tumor cells, He believes, citing 
his own experiences, that in these cases 
when a really painstaking histopathologic 
study of serial sections of both lungs is 
performed a malignant embolus or small 
metastasis in the lung can almost always be 
demonstrated. Any further discussion of 
this question is beyond the scope of this 
report. 


Summary 


A report is presented of a patient with 
adenocarcinoma of the colon with metastasis 
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METASTASIS OF COLON CARCINOMA TO LID 


to the conjunctival surface of the eyelid one 
and one-half years after abdominal surgery. 
Microscopic study of the excised lid tumor 
showed it to be a well-differentiated adeno- 
carcinoma conforming to the primary neo- 
plasm in the colon. This is believed to be 
the first reported case of a distant metasta- 
sis of a neoplasm to the conjunctival surface 
of the lid and the second reported case of 
a distant metastasis of a neoplasm to any 
part of the eyelid. Possible mechanisms of 
spread of the colonic tumor to the eyelid 
are briefly considered. 


480 Bedford St. 


REFERENCES 


1. Cowan, T. W.:; Adenocarcinoma of the Lid, 
Secondary to Adenocarcinoma of the Stomach, 
A.M. A. Arch. Ophth. 48 :496-497 (Oct.) 1952. 


2. Vrabec, F.: Contributions to the Study of 
Metastatic Tumors of the Eyelids, Ophthalmol- 
ogica 122 :362-366 (Dec.) 1951, 


3. Reese, A. B.: Tumors of the Eye, New 
York, Paul B. Hoeber, Inc. (Medical Book De- 
partment of Harper & Brothers), 1951. 


4. Duke-Elder, W. S.: Textbook of Ophthal- 
mology, St. Louis, The C. V. Mosby Company, 
1952, Vol. 5. 


5. Willis, R. A.: The Spread of Tumors in 
the Human Body, London, Butterworth & Co. 
Ltd., 1952. 


6. Batson, O. V.: The Role of the Vertebral 
Veins in Metastatic Processes, Ann. Int. Med. 
16 :38-41 (Jan.) 1942. 


281 
| 


Case Reports 


Tabetic Optic Atrophy 


Fifteen-Year Follow-Up After Treatment Without Progression 


ERNEST D. HELMICK, M.D., Philadelphia 


Tabetic optic atrophy in the past has been 
notoriously resistant to treatment, In an 
occasional case spontaneous arrest has oc- 
curred and the atrophic process has re- 
mained stationary without antisyphilitic 
treatment. In most cases the degenerative 
process manifests itself by a typical visual 
field defect in one eye and then involvement 
of the second eye occurs sooner or later 
unless checked by treatment.’:? The follow- 
ing case is of interest because of the ab- 
sence of change in the visual status of a 
patient with tabetic optic atrophy observed 
over a 15-year period and because of the 
low total dose of penicillin which apparently 
arrested the syphilitic process. 


Report of Case 


A 49-year-old white male clerk was first 
seen in the Syphilology Clinic of the Hos- 
pital of the University of Pennsylvania on 
Dec. 8, 1941, upon referral of his local 
physician because of a positive serologic 
test for syphilis. Consultation with the 
ophthalmology service revealed that the 
vision in the patient’s left eye had been fail- 
ing for the previous eight months. Records 
from his private oculist showed that on 
Jan, 18, 1939, he had full visual fields and 
6/6 vision in each eye, with normal fundi. 
On Nov. 12, 1941, vision in the right eye 
was recorded as 6/6, while visual acuity of 
the left eye had decreased to counting fingers 
at 4 meters, with a large temporal field 
defect involving fixation. The past history 
was also significant in that the patient had 
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From the Department of Ophthalmology, Hos- 
pital of the University of Pennsylvania. 
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a penile lesion diagnosed clinically as a 
chancre in 1931. His blood Wassermann 
reaction shortly thereafter was found to be 
positive, and he received 30 intramuscular 
heavy metal injections and was discharged 
as cured. He continued asymptomatic until 
the early part of 1941, when he first noticed 
decreased vision in his left eye. 

On initial examination in the eye clinic, 
on Dec. 14, 1941, vision was recorded as 
6/6 for the right eye and hand movement 
for the left eye. The pupils reacted briskly 
but through a limited are to light directly 
and consensually. There was no irregularity 
of the pupils, and the reaction to con- 
vergence was equal to that of light. The 
pupils were normally positioned and dilated 
in the dark. Marked pallor of the disc was 
present on the right. The left dise was very 
pale and gray and showed definite primary 
optic atrophy, well advanced. The _peri- 
metric visual field of the right eye showed 
minimal contraction, while the left eye had 
only a superior nasal island of vision to the 
same 1 mm. white test light. The central 
field for the right eye was normal, and in 
the left eye there remained only an irregular 
superior nasal island to the 20/1000 white 
isopter (Fig. 1). 

Significant findings on neurologic exam- 
ination were an absence of the cremasteric, 
knee, and ankle reflexes. Position sense was 
good, and mental processes were considered 
normal. The Kolmer, Eagle, and Kline 
serological tests were positive. The cerebro- 
spinal fluid contained 52 cells per cubic 
millimeter, with a 4+ Wassermann and a 
tabetic colloidal gold curve (3444210000). 
On Dec. 15, 1941, he was again started on 
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TABETIC OPTIC ATROPHY 


Left Eye 


12/14/41 


systemic heavy metal therapy (bismuth and 
arsenic) and was given 18 Swift-Fllis treat- 
ments. He continued on this until Jan. 20, 
1943, when his blood serology and cerebro- 
spinal fluid were negative. In December, 
1943, ocular and neurologic examination re- 
mained unchanged, but his blood serology 
and cerebrospinal fluid again showed evi- 
dence of syphilitic activity. He was then 
given penicillin therapy of 1,200,000 units, 
with the subsequent conversion to normal 
of the cerebrospinal fluid (Table ). 

The patient’s neurologic status remained 
unchanged in the intervening years. The 
ocular findings on periodic reexaminations 
remained the same. On Dec. 7, 1955, vision 
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Fig. 1—Peripheral and central visual fields during the active stage of tabetic optic atrophy. 


in the right eye was 6/6 and in the left eye 
hand movement. The pupils were 
slightly irregular but equal in size. The 
pupillary response to light was somewhat 
sluggish, with contraction through a small 
arc, but the near reaction was prompt. 
Ocular tension was 16 mm. Hg Schiotz in 
each eye. The right fundus showed a pale 
disc with sharp outline and with some fine 
perivascular pigment deposition in the mid- 
periphery. The left dise showed advanced 
atrophy, with marked pallor, a sharp margin, 
and visible The retinal 
arterioles were moderately attenuated, Peri- 
pheral and central visual fields were essen- 
tially unchanged from those taken in 1941 
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lamina cribrosa. 
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Cerebrospinal Fluid 
Wasserman 


Cells Protein Colloidal Gold Treatment 

52 4+ Pandy 3444210000 Bismuth and arsenic 
4442210000 Bismuth and arsenic 
1110000000 

74 3444210000 

1 111110000 
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3/1000 White » — 
Fig. 2.—Peripheral and central visual fields after arrest of tabetic optic atrophy. 
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(Fig. 2). X-rays of the skull, orbit, and 
optic foramen were normal. 


Comment 


The patient developed tabetic optic 
atrophy approximately 10 years after a 
penile chancre. His response to heavy metal 
therapy was minimal. With the introduction 
of penicillin as an effective antisyphilitic 
agent in the summer of 1943, the patient 
was shortly afterwards given 1,200,000 units 
of penicillin. In spite of this low total dose, 
his visual and neurologic condition has re- 
mained stationary during the intervening 
years and the syphilitic process has shown 
no evidence of reactivation. 

There is no correlation of spinal fluid 
response with the progress of optic atrophy. 
Spinal fluid abnormalities may improve or 
become normal even though atrophy of the 
optic nerves is progressing. Heavy metal 
therapy is known to slow the progression 
of syphilitic optic atrophy, but it does not 
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prevent ultimate blindness. Malaria treat- 
ment improved the outlook somewhat, but 
most authors now agree that penicillin is 
more effective than fever therapy in arrest- 
ing tabetic optic atrophy. For maximal re- 
sults high doses of penicillin (10,000,000 to 
20,000,000 units) are recommended.** Ade- 
quate treatment in the early stage of neuro- 
syphilis is necessary to prevent optic atrophy 
and to assure preservation of vision. 
1059 South 53d St. (43). 
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Clinical Notes, New Instruments and Techniques 


Ophthalmologic Use of New Stereo Attachment 


THEODORE N. ZEKMAN, M.D., Chicago 


A lens for three-dimensional closeups, 
especially suitable for medical visualization, 
has been introduced as an attachment to 
the Exakta Model V or VX 35 mm. camera, 
having the outside bayonet type of flange 
onto which the attachment may be fitted. On 
older models the flange may be replaced at 
any qualified service shop to accommodate 
the attachment. Other adjustments can be 
made as required, according to accompany- 
ing instructions. 

The device is called the Kin-Dar hypo- 
stereo attachment,* “hypo” because the 
lenses are set at less than normal interocular 
separation. It is designed for taking stereo 
pictures at distances of approximately 9 in. 
and Photographs down to 3 in. 
from the subject are possible, with a sur- 
prising amount of depth even with small 


closer. 
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* Kin-Dar Corporation, South Milwaukee, Wis.; 
distributed by Speedlight Center, 128 West 32d 
St., New York. 


aperture shots, although it is best to have 
backgrounds and foregrounds fairly close 
to the main subject. The attachment has 
been planned for precision at fixed dis- 
tances, so that focusing manipulation is 
not necessary. The working distance is 
varied by the use of achromatic supple- 
mentary lenses. For extreme close-up 
photographs, down to about 3 in. or some- 
what less, a large supplementary lens is 
used in front of the objective lens. 

Both pictures of the stereo pair are taken 
upon each conventional eight-perforation 
film space, so that the same number of 
stereo slides will be obtained from a roll of 
film as of 2X2 slides. In other words, the 
attachment produces two matching trans- 
parencies, each four perforations wide, 
which are then mounted for viewing in 
regular stereo viewers or may be used for 
projection. Stereo and 2X2 slides may be 
intermixed. The regular 35 mm. color or 
black and white film is used. 


Stereo attachment for 
use with Exakta 35 mm. 
camera. Professional 
stereo close-ups down to 
3 in. from subject are 
possible. 
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NEW STEREO ATTACHMENT 


The field size desired is decided on and 
the proper lens combination attached ac- 
cording to a chart of field sizes and work- 
ing distances. The camera, hand-held, is 


moved into proper position of framing and 
focus and tripped. A celluloid ground glass 
mask comes with the device to mask off one 
of the two images. The mask has a center 
cross to help center and frame the subject. 


A prism effect deflects the images to keep 
them centered on the film without the usual 
increase of the convergence angle on close 
range. 

The attachment has flexibility and ease of 
operation. It offers the ophthalmologist an 
excellent adjunct to improved visualization 
for teaching and record purposes, 

109 N. Wabash Ave. (2). 


4 
; 
Pix 

vee 
| 

rer 

he 

Zekman 287 

Lag 
(Se 


A Fixation Light for Tonometry and Tonography 


5. |. ASKOVITZ, M.D., Philadelphia 


The desirability of providing the patient 
with a fixation target during tonometry is 
well known. With the patient’s eyes in a 
more or less steady position, the risk of 
corneal abrasion is minimized and the ex- 
aminer may expect more trustworthy read- 
ings. lor tonography examinations, proper 
fixation by the patient is all the more im- 
portant. 

Some ophthalmologists have a small ceil- 
ing light mounted in their offices above the 
examining table. This is generally satis- 
factory, but it does not provide the flexi- 
bility which is often necessary in getting the 
patient to maintain the most desirable posi- 
tion of the eyes. In some clinics, a painted 
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From the Ophthalmology Research Laboratory 
(Dr. I. H, Leopold, Director), Albert Einstein 
Medical Center, Northern Division. The method 
described was developed during a study on tonog- 


raphy supported by a research grant from the 
Weinstock Fund. 


Fixation light for to- 
nometry and 
raphy. 


tonog- 


ball or other fixation target is held directly 
above the patient by means of an adjustable 
stand. This has the minor disadvantage that 
the fear of the object’s falling may oc- 
casionally disturb a patient and interfere 
with relaxation, 

After a number of possible arrangements 
were tried, a simple expedient, and one 
which is usually readily available, proved to 
be the most convenient * (Fig.). A streak 
retinoscope was supported by means of an 
adjustable clamp attached to an ordinary 
laboratory stand. By focusing with the 
sleeve of the retinoscope, it is possible to 
form a sharp image line on the ceiling at 
any distance, and the position of the light 


can be displaced or rotated at will. 


* The instruments used were the Copeland Streak 
Retinoscope, Bausch & Lomb Optical Company, 
Rochester, N. Y., and the Port-A-Volt Trans- 
former, Medico Instruments, Philadelphia 20. 
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FIXATION LIGHT 


A portable transformer was used as the 
power source in order to avoid concern 
over failing batteries. The rheostat control 
is set to give adequate brightness, and the 
patient is instructed to concentrate upon 
the midpoint of the illuminated line on the 
ceiling. The presence of a small central 
scotoma in the fixating eye was found not 
to cause any difficulty. 


If a stand is not available, the clamp may 
be attached to the shaft of a goose-neck 
lamp or the framework of a slit-lamp. Less 
conveniently, the retinoscope can be propped 
up against a few books or boxes or other 
support. 

York and Tabor Roads (41). 
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Registry of Interesting Cases 


It is the purpose of this section to record cases on the basis of. interest only. No complete 
review of the literature is attempted and no claim for priority is implied except when spe- 
cifically stated. Publication of case reports is subject to the concurrence of the Editorial 
Board on the interesting aspects of the case. It is requested that the reports submitted be as 
brief as is consistent with inclusion of the pertinent facts, bear a title that is as specific as 
possible, be prefaced by a paragraph that states why the author feels the case is of interest 


Orbitoethmoidal Osteoma 


Orbitoethmoidal osteomata are relatively 
uncommon, Only 1 case of osteoma was 
found in 109 cases of tumors of the orbit 
studied by Reese in 1941. Forrest reported 
5 cases among 184 primary orbital tumors 
collected from the registry of ophthalmic 
pathology. The outstanding features in our 
case are the presence of papilledema and 
the absence of all symptoms. 


Report of Case 


On July 19, 1954, a 13-year-old girl was 
brought for examination by her mother, 
who, for about six months, had noticed that 
the left eye had been gradually protruding 
(Fig. 1). 

There was never any complaint such as 
headache or double vision. No history of 
head injury was present. 

On examination, the most striking sign 
was proptosis of the left globe of a moderate 
degree. There was no difficulty in closing 
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and be accompanied with photographs whenever possible. 


the eyelids. The periorbital structures, lids, 
and lacrimal apparatus did not show any- 
thing unusual. Ocular movements were full 
in all directions. On palpation of the orbital 
border a hard mass could be felt in the 
upper inner quadrant of the orbit, extending 
down below the internal palpebral ligament 
along the medial orbital border. It did 
not seem to have any connection with the 
eyeball. No abnormal pulsation was palpable 
or to be seen. No bruit was audible. 

Vision of the right eye was 6/5 unaided. 
Vision of the left eye was 6/12; ce 6/9 
with cyl—0.50 ax 180. The visual fields and 
blind spots were normal. 

Radiological Examination (X-Ray Report 
by EF. Zammit, M.D., D. M. R.).—Dense 
osteoma, ivory type, 22.25 cm., with reg- 
ular structure and smooth round margins, 
arising from medial wall of the left orbit. 

The medial surface of the osteoma, that 
is, its pedicle, shows a crenated, less dense 
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ORBITOETHMOIDAL OSTEOMA 


Figure 2 


border and appears to originate from the 
region of the ethmoidal air cells, probably 
from the orbital plate of the ethmoid. From 
the lateral view, the growth of the osteoma 
appears to have spread upwards and back- 
wards and has occupied the medial and pos- 
terior part of the orbital space. The adjoin- 
ing structures show no abnormality, and 
there is no evidence of any pressure erosion. 
The sella is normal, and the frontal and 
ethmoidal air cells are normal. 


Physical Examination.—Examination of 
the ear, nose, and throat did not show any- 
thing of unusual interest except for a slight 
degree of sinusitis. The temperature, pulse 
rate, and respirations were normal. General 
physical examination, including neurological 
examination, was completely negative, 


Operation Procedure—On July 22, 
1954, the patient was prepared for a general 
anesthesia. An anterior orbital approach was 
decided upon, and an incision, similar to 
that used in performing a dacryocystorhi- 
nostomy, was made medial to the internal 
palpebral ligament and extending well below 
the latter to the lower orbital border, The 
periosteum was uncovered, incised, and re- 
flected laterally along the whole length of 
the incision. No difficulty was found in dis- 
placing and protecting the eyeball from the 
field of operation. 

A large pyramidal bony tumor was grad- 
ually uncovered and carefully isolated (Fig. 
3). It appeared to arise, on a wide base, 
from the orbital surface (os planum) of the 
ethmoid, and it invaded the orbit to a con- 
siderable extent. 

It was found necessary to use a chisel 
to fracture and dislocate the tumor at its 
base. The tumor was then grasped by a 
strong forceps, rocked from side to side, and 
gradually delivered out of the orbital cavity. 
Bleeding was astonishingly scanty, and the 
whole operative procedure was very smooth 
and simple. 

There was no fusion of the tumor with 
the orbital contents and consequently no 
trauma to these parts. 
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Figure 3 


The wound was closed by interrupted non- 
absorbable surgical (silk) sutures, and a 
gauze drain was placed at the lower ex- 
tremity of the incision. At the end of the 
operation the proptosis had disappeared. 


Postoperative Course.—For four days 
after the operation there was chemosis and 
swelling of the lids of the eye operated on. 
Swelling of the lids of the right eye was 
also noticeable, Penicillin was injected in- 
tramuscularly for 10 days. The drain was 
removed on the third day, and the sutures, 
on the seventh day. The cosmetic and func- 
tional results were entirely satisfactory. A 
radiological examination was made one 
month after the operation. Here is the re- 
port: “Osteoma completely removed. The 
central part of the medial wall of the left 
orbit is missing and there is some distortion 
of the left ethmoidal cells” (Fig. 4). 

The patient was discharged on Aug. 2, 
1954. She was kept under observation. A 
roentgenogram taken one year after the 
operation did not show any recurrence. Re- 
fraction performed at this time gave the 
following results: right eye, 6/5; left eye, 
6/12; cc 6/9 with cyl—1.00 ax 180. 
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Figure 4 


Examination of the fundus showed that 
the papilledema had disappeared. 

Pathological Report (Dr. P. B. Scho- 
field, Institute of Ophthalmology, London). 
—Macroscopic Examination: The specimen 
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ORBITOETHMOIDAL OSTEOMA 


consists of a partially lobulated tumor of 
hard bone with a thin covering of connec- 
tive tissue. It measures approximately 25 
20X15 mm. and weighs 14.8 gm. After four 
months in nitric acid, the specimen is still 
not completely decalcified. The displacement 
of the specimen was 8 ml. 

Section shows a benign nodule of dense, 
compact bone. The appearances are those 
of an ivory osteoma. 


Comment 


Osteoma of the orbit is really a disease 
of the paranasal sinuses extending into the 
orbit. According to Duke-Elder, an osteoma 
is an encapsulated bony tumor arising from 
disturbances or displacements of cartilage 
in the process of its development. The 
tumor originates from the paranasal sinuses 
and invades the orbit secondarily. The cells 
are stimulated into an osteogenetic activity 
by chronic infection or some unsuspected 
fracture. Fetissof (1929) suggested a peri- 
osteal origin of osteomas. 

The frontal sinus is the commonest site 
of osteomas. Next in order of frequency 
follow the sphenoid, ethmoid, and maxillary 
sinus. Osteomas are divided histologically 
into two types (Parsons, 1905): (a) hard, 
or eburneated, 70% ; (b) soft, or cancellous, 
12%. There may be a mixed type consist- 
ing of a spongy center covered by layers of 
ivory bone. 

Microscopical examination shows concen- 
tric layers of compact bone devoid of blood 
vessels. These tumors are covered by 
mucous membrane continuous with that of 
the paranasal sinuses. Osteomas grow very 
slowly over a period of years and usually 
start to show signs between 20 and 30 years 
of age; however, signs may become notice- 
able at an earlier age. Premonitory symp- 
toms and signs may be present, such as 
swelling of the lids, chemosis, headache, 
neuralgia, epistaxis, and nasal obstruction. 

Pain and diplopia are not outstanding 
features, and the tumor may reach large 
proportions, as in our case, without produc- 
ing these signs. This is due to the slow 
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rate of growth of the tumor. The capacity 
of the orbit is limited (adult female, 26 cc.), 
and as the tumor enlarges it acts as an ex- 
panding lesion. Eventually, it pushes the eye 
in front of it and produces exophthalmos. 
If treatment is not sought, severe pain, 
lacrimation, and lagophthalmos may follow 
(Rizzuti, 1951; McKibben and Casey, 
1951). 


An unusual sign in our case was a moder- 
ate degree of papilledema, probably due to 
direct pressure of the tumor on the optic 
nerve. The papilledema lasted for several 
months after the operation. 

Though histologically benign, an osteoma 
may show malignant clinical characteristics 
if it is allowed to enlarge. According to 
Fetissof (1929), an osteoma is a neoplasm 
capable of unlimited growth. The tumor 
can perforate the dura, penetrate into the 
cranial cavity, and give rise to brain com- 
plications (Cushing, 1927). 

It follows that, since one cannot foresee 
the tumors ultimate extension and destruc- 
tion, early removal is indicated as soon as 
diagnosis is made. 

The tumor can be surgically approached 
by three ways: (1) through the nose; (2) 
through the orbit by means of a cutaneous 
or conjunctival incision; (3) through the 
cranial cavity. 

When it can be ascertained that the 
growth is restricted to the orbital cavity, 
one should prefer the orbital approach by 
means of a cutaneous or a conjunctival 
incision as near as possible to the area of 
growth (Sprowl, 1936; Rizzuti, 1951; Me- 
Kibben and Casey, 1951). Cosmetic ap- 
pearance is very good; scarcely any trace 
of the incision is left. It does not give 
rise to any functional disturbance. Our 
patient never complained of double vision 
and epiphora. 


Summary 


A case of orbital osteoma is reported, 


The following points are illustrated and 
discussed, 
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1. The growth of the tumor is slow and 
silent. It can assume large proportions be- 
fore signs become evident. In our case, the 
most important signs were proptosis and 
papilledema. 

2. After radiological confirmation of the 
diagnosis, it is important to operate as 
soon as possible in order to avoid compli- 
cations and sequelae. 

3. The nearest route to the area of 
growth is the best surgical approach to 
orbital osteoma. 

F. J. Damato, F. R. C. S. 
T. J. Damato, Central Hospital, 
Floriana, Malta. 
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Annual Reviews 


Cornea and Sclera 


LEONARD CHRISTENSEN, M.D., Portland, Ore. 


In this review the subject matter will be 
limited to the following selected fields of 
major interest. 

Corneal Injury and Repair 

Tissue reactions 
Chemical reactions 
Toxic reactions 

Keratoplasty 

Infections 

Keratoconjunctivitis 
Herpes keratitis 
Tissue culture techniques 
Fungus infections 
Medical Therapy 
Sclera 


Corneal Injury and Repair 


Tissue Reactions 


The ultimate aims in the management of 
corneal injuries are maintenance or restora- 
tion of normal structure and transparency. 
Loss of corneal transparency may follow 
any derangement of those factors which 
maintain relative deturgescence or alterations 
of the biochemical constituents of the inter- 
cellular ground substances or structural 
aberrations of the cellular system in the 
process of repair. This loss varies in time, 
intensity, and reversibility, depending upon 
which factor or combination of factors are 
affected. 

Opacities following repair vary consider- 
ably depending upon the origin and charac- 
teristics of the reparative cells. Repair tissue 
may originate by regeneration of injured 
tissues, metaplasia of adjacent tissue, or re- 
motely from cells of the reticuloendothelial 
system. It appears that better optical clarity 
is obtained in injuries repaired by direct 
regeneration of injured cells. For example, 
when injured corneal epithelium is replaced 
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by regeneration of adjacent epithelium there 
is no appreciable impairment of optical 
qualities of the cornea. In contrast, Bow- 
man’s membrane is incapable of regenera- 
tion. When injured, it is usually replaced 
by fibrous connective tissue, which produces 
a leukoma. Repair tissue also originates 
locally through the phenomenon of meta- 
plasia. Metaplasia may be considered as 
transformation of one normal cell to another 
of different properties, and it is usually stim- 
ulated by a pathologic process. The general- 
ization may again be made that the greater 
the similarity in properties of the trans- 
formed cell to the original, the less inténse 
the resulting opacity. For example, small 
tears in the anterior lens capsule can be 
sealed by fibrous connective tissue originat- 
ing from metaplasia of the lens epithelium. 
The difference between the original epithelial 
cells and metaplastic *fibrocytes is marked 
and the resulting opacity intense. This may 
have some bearing on corneal opacities re- 
sulting from stromal injuries. Corneal 
stroma is repaired by fibrocytic proliferation, 
and these fibrocytes may originate from 
normally existing adjacent keratoblasts, pos- 
sibly corneal epithelium and endothelium, 
capillary endothelium, and tissue mono- 
cytes.’ An observation has been made that 
cytologically identical fibroblasts may pro- 
duce dissimilar ground substances in differ- 
ent tissues. The composition of the ground 
substance is vitally important in the optical 
properties of the cornea.** Hence, it is 
possible that in stromal repair less intense 
leukomas might occur where fibrocytic con- 
nective tissue originates from metaplasia of 
keratoblasts rather than connective tissue of 
other origin. Nevertheless, leukomas have 
been observed in corneal repairs where the 
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regenerating connective tissue originated 
from keratoblasts.> From studies with an 
electron microscope an appreciable difference 
has been noted in the periodicity and di- 
ameters of collagenous fibers of normal 
corneal stroma from similar fibers in areas 
of cicatrization. This difference becomes 
less marked with the passage of time. No 
distinction was made regarding the origin 
of the repair fibers.® 

Neovascularization of the cornea material- 
ly interferes with its optical properties. The 
pathogenesis of this complication has not yet 
been determined. After producing a series 
of corneal vascularizations in animals, one 
investigator arrived at the conclusion that 
stromal edema is a prerequisite. Neovascu- 
larization of central lesions occurred only 
if the surrounding edema reached the limbus, 
and a limbal or peripheral lesion was more 
readily vascularized because of the proximity 


of the edema to the limbus. Cortisone did 


not, influence the edema or the subsequent 
vascularization. Attempts to decrease edema 
with hypertonic and hygroscopic agents such 


as glycerin and dextrose were successful but 
also inhibited repair, and greater scars re- 
sulted.” 

Fibrin is an important factor in primary 
wound closure. It provides a mechanical seal 
that is an aid in the approximation of wound 
edges and may help prevent invasion of the 
anterior chamber by overlying epithelial 
cells. Inhibition of fibrin formation by ad- 
ministration of heparin or ethylbiscoumace- 
tate (Tromexan ethyl acetate) not only 
delays, but may interfere with, wound heal- 
ing.’ However, the importance of fibrin 
cannot be solely attributed to the increase in 
tensile strength that its presence may add to 
a wound closure, In enucleated human eyes, 
the tensile strength of corneal wounds sealed 
with various concentrations of fibrin, blood 
plasma, and fibrinogen did not exceed 2 to 
3 mm. of mercury.’ Three phases of corneal 
wound healing were described following 
keratome incisions: a lag phase, a prolifera- 
tive phase, and a plateau phase. In sutured 
limbal wounds, the immediate wound 
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strength was found to be 6.5% of the un- 
disturbed limbal tissue. No further increase 
in strength was noted for approximately 
three days, after which a gradual rise oc- 
curred to the ninth postoperative day. From 
the 9th to the 14th postoperative day there 
was a slight acceleration, and at the end of 
this period the wound strength measured 
34% of that of the undisturbed limbus. 
Thereafter there was a gain of strength of 
approximately 1% per week. The wound 
strength curve was found to parallel fibro- 
cytic proliferation.” 

Postoperative striate keratopathy is a fre- 
quent complication of cataract surgery. The 
cornea undergoes considerable thickening the 
first few days after surgery, which then 
gradually diminishes. This thickening of the 
cornea is apparently due to an excessive 
intake of fluid and may be related to endo- 
thelial damage which, in turn, is enhanced 
by excessive manipulation in the anterior 
chamber during the operative procedure.” 
When corneal incisions are studied by ultra- 
violet light from a Woods lamp, loss of 
transparency becomes evident within 10 
minutes. This change in transparency is not 
evident with the usual lighting methods. 
Within 24 hours, fluorescence is noted over 
the entire cornea, with the site of greatest 
intensity at the periphery of the wound, The 
intensity of fluorescence is proportional to 
the amount of manipulation during surgery. 
Regression is noted from the 3d day on and 
is usually complete after 15 days. This fluo- 
rescence is attributed to an infusion of new 
elements into the wound site, probably from 
blood which appears early at the upper site 
of the incision.’ 

Metaplasia of keratoblasts is not limited 
to the formation of collagen tissue. Ob- 
servations on the mechanisms of nerve 
regeneration following injury indicate that 
polyblastic corneal cells are capable of form- 
ing sheaths of Schwannian cells through 
which neurofibrils regenerate.’*™* 


Chemical Reactions 


A better understanding of altered tissue 
chemistry following corneal injury may be 
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the basis for more rational definitive future 
therapy. It must be appreciated, however, 
that pathologic chemical change is accom- 
panied by cytologic damage. Any severe 
injury initiates a chain of biochemical and 
cellular responses that are probably irre- 
versible despite any induced temporary re- 
constitution of the normal biochemical state. 
Therefore, therapeutic measures attempting 
to restore the chemical constituents alone 
are probably inadequate, since restoration of 
corneal transparency does not necessarily 
follow unless cytologic restoration also oc- 
curs, 

Knowledge of the chemistry of the cornea 
is limited. The bulk of the cornea is com- 
posed of connective tissue which consists of 
two principal factors, a protein collagen and 
ground substance. The stromal lamellae are 
collagen and, in turn, are bound by ground 
substance. The ground substance is a gel 
supported by fibrillar or lamellar fabric con- 
sisting of proteins, mucopolysaccharides, and 
probably mucoids or glycoproteins. At the 
present time most investigations have been 
concerned with the mucopolysaccharides, 
which contain at least three known fractions, 
chondroitin, chondroitin sulphate, and kera- 
tosulphate. This latter term was coined by 
Meyer, to designate the mucopolysaccharide 
peculiar to the cornea. Chondroitin has 
many properties similar to hyaluronic acid.** 
The mucopolysaccharide concentration in 
the cornea differs from that of the sclera 
as well as from the connective tissue of most 
other systems. In studies of radioactive 
sulphur uptake and elimination between cor- 
neal stroma and that of the sclera, the cor- 
neal uptake and elimination is slower. One 
explanation attributes this to the increased 
concentration of keratosulphate in the cor- 
nea.’® At least four soluble corneal protein 
fractions have been found by electrophoretic 
studies in the corneal epithelium.’*"* Des- 
cemet’s membrane is a collagen tissue that 
differs from corneal stroma in morphology, 
swelling characteristics, solubility in acid, 
and in the type of polysaccharides."* 


Christensen 


Of the chemical injuries, there are essen- 
tially two main types, those caused by acids 
and those caused by bases. Of the acids, 
hydrochloric, sulphuric, nitric, and carbolic 
are the commonest offenders. The severest 
injuries are caused by hydrofluoric acid and 
acetic anhydrides, since these latter two also 
exert a dehydrating effect on the tissue as 
well as a precipitation of corneal protein. 
Of the aklalis, the most common are caustic 
soda, potash lye, quicklime or slaked lime, 
and carbide. This type of burn is considered 
more dangerous. The effect of heat burn is 
similar to that of chemical except that the 
action of heat is circumscribed and _ heat 
burns are accordingly less injurious.’® Ap- 
parently the toxicity of the commonest 
alkalis is related to the concentration of 
alkali rather than the nature of the cation, 
and severe corneal burns do not occur unless 
the pH is 11.5 or higher.®*4» Common 
chemicals of this category include the hy- 
droxides of sodium, potassium, calcium, 
barium, strontium, and ammonium. Other 
cations are toxic regardless of the pH and 
include certain dyes, beryllium, scandium, 
yttrium, and other rare earths. The patho- 
genesis of corneal opacities that develop fol- 
lowing exposure to alkali is not known, but 
these opacities are most probably due to 
alterations of one or more of the stromal 
proteins. The possibility that these opaci- 
ties are related to the binding of cation has 
been investigated. Binding is a term used 
to describe a poorly understood union be- 
tween cations or anions to groupings on the 
protein molecules to which they have been 
exposed, An excellent review of this phe- 
nomenon has been presented by Gregor.”* 
In rabbit corneas exposed to alkalis a pro- 
gressive increase of bound cations occurred 
with increase of the pH, and the rate in- 
creased sharply at pH of 10.5 to 12. At near 
neutral the cations were bound mostly by 
mucoid of the cornea, but at the injurious 
range most binding occurred with collagen. 
Intense opacities and extensive binding of 
calcium was observed in rabbit corneas ex- 
posed to calcium hydroxide. However, cor- . 
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neal stroma exposed to 10% calcium 
chloride was not appreciably altered despite 
an equal increase in concentration of cal- 
cium. The role that binding plays in corneal 
opacities following chemical burns remains 
to be determined.** When excised corneas 
were immersed in sodium hydroxide a rapid 
swelling was noted, and the rate of swelling 
was related to temperature and concentration 
of the solution. The swelling was thought 
to be due to imbibition of water by stromal 
proteins.** The intensity of opacities in the 
corneas of rabbits following exposure to 
5% and 10% caustic soda was found to vary 
with concentration, extent, and duration of 
contact. In all cases a connective tissue 
membrane developed on the posterior cor- 
neal surface.*® 

Corneal opacities following chemical burns 
may be related to peripheral nerve damage 
as well as alteration in the chemistry of the 
ground substance. When the ciliary ganglion 
was blocked by procaine (Novocain) less 
destruction and less intense leukomas were 
noted in the corneas of rabbit eyes exposed 
to ammoniates and sulphuric acid than in 
control animals. Clinical treatment of alkali 
and acid burns by procaine block was re- 
ported as beneficial.*® 

In corneal injuries following instillation 
of hydrochloride acid, the ascorbic acid con- 
tent was found to be significantly decreased 
immediately after injury. This remained 
lower than the controls for approximately 
120 hours. Similar burns by hydrochloric 
acid on corneas of enucleated rabbit eyes 
did not show any appreciable alteration in 
ascorbic acid concentration from the normal. 
From these findings the authors assumed 
that in vivo the ascorbic acid was not de- 
stroyed but rather released from its bound 
site in the cornea and washed away during 
the burning procedure. The relationship of 
loss of ascorbic acid to degree of injury was 
not determined.** 

In a histochemical study of rabbit corneas 
injured by surgical incision, compounds 
containing sulfhydryl groups increased con- 
_ siderably in the multiplying epithelium and 
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adjacent stroma early in the stage of stro- 
mal healing. Ribonucleic acid also increased 
in concentration in the regenerating stroma 
and epithelium. In contrast, deoxyribonu- 
cleic acid changed very little. Phosphatase 
increased in the areas of vascularization, and 
this increase was attributed to the influx of 
new vessels.** Sectioning of the ciliary ves- 
sels and nerves and optic nerve in rabbits 
was followed shortly by keratitis. A diminu- 
tion of corneal mucopolysaccharides was 
noted.”* 

When a tissue deficiency of ascorbic acid 
exists, some delay in wound healing may 
occur. Since the concentration of ascorbic 
acid is less in an aphakic eye, the rate of 
wound healing following heat injury was 
compared in phakic versus aphakic globes. 
Corneas in the aphakic eyes required 40% 
longer time for healing than the controls. 
The ascorbic acid content of the cornea and 
aqueous of the aphakic eyes was found to 
be considerably lower than that of the con- 
trols,*° 


Toxic Reactions 


Because of its exposed position and sen- 
sitivity, the corneal epithelium is particularly 
susceptible to injury. Such superficial in- 
juries usually are manifested by a photo- 
phobia, corneal irritation, and conjunctival 
hyperemia. Hexachlorophene (pHisoHex), 
a useful bactericidal agent for preoperative 
preparation of the skin, may induce a kera- 
titis when instilled into the conjunctival sac. 
In rabbits, a severe keratitis associated with 
loss of epithelium and stromal swelling rap- 
idly developed following instillation of this 
medication. Toxicity was attributed to an 
ingredient of the preparation used, trinitro- 
toluene.** Corneal epithelial damage was 
found following repeated instillations of 
surface anesthetic ointments and solutions in 
the conjunctival sac. Such agents appreci- 
ably inhibited regeneration of corneal epi- 
thelium and consequently prolonged healing 
time. Following repeated instillations, the 
anesthetic effect was gradually lost, and 
when the agent was administered long 
enough corneal erosions occurred. The gen- 
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esis of these lesions was thought to be cor- 
neal nerve damage.**** Exposure of corneal 
epithelium to butyl alcohol vapor was fol- 
lowed by photophobia and epiphora. The 
integrity of the corneal surface epithelial 
cells was maintained, but innumerable small 
vacuoles were noted in the deeper strata.** 
Repeated exposures to hydroquinone, an in- 
gredient of a photographic developer, led to 
a serious impairment in vision, The cornea 
and conjunctiva within the palpebral fissure 
developed a characteristic pigmentation and 
alterations in the structural arrangement of 
the cornea. Vertical folds appeared in 
Descemet’s membrane, and an irregular pro- 
gressive astigmatism developed. Eventually 
ulcerations and vascularizations occurred.*® 
Bilateral epithelial keratitis was observed in 
14 patients following several weeks admin- 
istration of isoniazid and amithiozone. The 
lesions consisted of numerous intraepithelial 
vesicles.** 


Keratoplasty 


The dramatic evolution, current problems, 
and present status of keratoplasty are best 
summarized in two excellent texts that have 
recently appeared.*7** Particularly gratify- 
ing optical improvements have been achieved 
for such disorders as keratoconus, some 
dystrophies, and circumscribed central leuko- 
mas.2® However, the limited success at- 
tained in Fuch’s dystrophy and scarred 
vascularized corneas has been disappoint- 
ing.” Because of this latter group and 
because of need for over-all improvement, 
many of the efforts of more recent years 
have been devoted to refining techniques. 
Most efforts have been directed toward solu- 
tion of difficult facets of major problems 
that have, as yet, remained largely unsolved. 
These problems include the clouding of 
grafts, better storage of donor material, 
wider application of keratoplasty, use of 
prosthetics, and better control of undesirable 
tissue reaction to injury. 

A particularly baffling and frustrating 
problem is the inexplicable clouding of 
grafts that occasionally occurs. Such cloud- 
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ing may appear shortly after a surgical pro- 
cedure or may be delayed for several months. 
The intensity of clouding is variable and 
frequently reversible. Opinions vary widely 
concerning the pathogenesis of this compli- 
cation. Undoubtedly it is related to such 
factors as the age and state of the donor 
and recipient cornea, improper fixation, bio- 
logical factors, endothelial damage, and such 
postoperative complications as synechias, 
uveitis, and increase in intraocular pressure. 
Technically, an ideally positioned graft pre- 
sumes exact approximation of each tissue 
plane of the donor to its counterpart in the 
recipient. Such an ideal can be achieved 
only by perfect sectioning, placement, and 
fixation, none of which is consistently ob- 
tainable by present methods. Since much of 
the success of keratoplasty hinges on these 
technical phases, there is a constant search 
for improvement.*'*® Most attempts to im- 
prove fixation rely on various methods of 
splinting with either prosthetic or tissue 
splints. Such splints are usually modifica- 
tions of similar devices introduced in the 
past. A contact lens was modified with 
appropriate perforations to allow for sutur- 
ing to the recipient cornea in three areas. 
Other perforations permit flow of secretions. 
Tissue sections of grafts fixed by this 
method in experimental keratoplasty demon- 
strated good wound approximation, fibro- 
blastic proliferation, and cellular infiltration 
in the wound area. The advantages claimed 
for this technique include simplicity, ease 
and speed of application of sutures, ease of 
removal of sutures, good approximation, and 
absence of radiating corneal leukomas, Ex- 
perience with this type of splint has been 
limited to animals.4* Another method of 
splinting advocates fixing the graft with an 
overlying rabbit cornea. The rabbit cornea 
was sutured over the graft to the peripheral 
recipient cornea, with no sutures between 
the graft proper and recipient cornea, Swell- 
ing and opacity of the rabbit cornea was pre- 
vented by lyophilizing the structure after 
formalin fixation. After 138 transplanta- 
tions using various methods of fixation, 
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splinting with rabbit cornea was considered 
superior. Of 48 transplantations using this 
method, transplants of 5 mm. in diameter 
healed completely. No mention was made of 
the exact optical results or the percentage 
of success with 7 or 8 mm. grafts.*® 

In order to minimize exposure of the 
recipient anterior chamber and facilitate 
placement of the grafts, a method of corneal 
suturing has been advocated whereby it is 
possible to preplace four sutures in the 
donor and recipient corneas. A partial pene- 
trating incision is made in the donor cornea, 
and four sutures are inserted. These sutures 
are then threaded through the trephine, after 
which the corneal dise is removed. The same 
sutures are inserted in a preformed groove 
in the recipient eye in the corresponding 
four quadrants and are held aside until the 
corneal disc has been removed. The graft is 
then drawn into position. Greater safety and 
better approximation of the wound edges 
in penetrating transplants is claimed.*® 

Several investigators. have been concerned 
with the irregularity of the cut surface and 
endothelial damage to both the recipient and 
donor corneas following the usual methods 
of trephination. The integrity of Descemet’s 
membrane and endothelium has been consid- 
ered an essential factor in the retention of 
corneal transparency, since poor approxima- 
tion and large dehiscences in the endothelium 
may contribute materially to subsequent 
opacification.*7 During incision of the cor- 
nea by the usual methods of trephination the 
contour of the cut edge has been found to 
vary appreciably with the wide alterations 
in intraocular pressure. By maintaining a 
constant and equal intraocular pressure in 
both the donor and recipient eye more uni- 
form sections may be obtained. One method 
consists of injecting physiologic saline into 
the anterior chamber under a constant pres- 
sure head. In all but 1 of 18 trephinations 
performed on rabbit eyes by this method a 
uniform complete disc of corneal tissue was 
excised.**® Another method of obtaining 
a more uniform section utilizes a punch in- 
troduced through a peripheral incision. This 
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punch has been modified to correct for dis- 
advantages of its predecessors. With limited 
experience the results are reported as grati- 
fying.” 

Biological factors, including the antigen- 
antibody reaction, undoubtedly participate in 
the pathogenesis of clouding of corneal 
grafts. The extent of this participation re- 
mains unknown, and during the past year 
few contributions have been made in this 
phase of research. However, ample evidence 
has been offered in related fields that anti- 
bodies play an important role in the rejec- 
tion of homografts.5** Some additional 
data have been presented of a similar mech- 
anism in corneal transplantation, but no new 
conclusions have been drawn.®*5* 

Vascularized scarred corneas account for 
a moderately high incidence of blindness due 
to corneal disease: This problem may be- 
come more prevalent with expansion of in- 
dustry and the consequent increase of chem- 
ical burns. At the present time keratoplasty 
directed at optical improvement for this type 
of corneal opacity is not much more success- 
ful than it was several decades ago. Adjunc- 
tive measures such as irradiation have been 
of little benefit where vascularization is well 
established, because there is no regression 
of the larger vessels.5°* It is questionable 
that the advantages of irradiation outweigh 
the disadvantages, because of the deleterious 
effect on the lens and inhibition of wound 
healing. The inhibitory effect on wound 
healing was amply demonstrated in a 
study on rabbit corneas. Histologic exam- 
ination of wounds in corneas previously 
irradiated with dosages ranging from 1250 r 
to 40,000 r demonstrated inhibition of nor- 
mal fibroblastic (keratoblastic) proliferation 
at the wound site. In some instances only 
epithelium bridged the wound surface. Poor 
wound healing of the irradiated corneas was 
evident as long as six months after surgery. 
When 27,000 r to 40,000 r had been admin- 
istered as long as two years prior to the 
surgery a similar fibroblastic inhibition was 
noted. Moderate dosages of irradiation ad- 
ministered immediately before surgery and 
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as long as three months prior to surgery 
inhibited wound healing to a similar degree. 
The clinical implications are self-evident.® 
Prophylactic or therapeutic medications have 
been equally ineffective against revascular- 
ization of grafts. Corticosteroids have been 
observed to inhibit neovascularization initi- 
ally, but the final results have not been 
greatly modified. 

Two unrelated observations have been 
made that may have an important implication 
in the future surgical treatment of vascular- 
ized corneas. First, surface vessels in con- 
trast to deep interstitial vessels are most 
difficult to control, because surface vessels 
exhibit greater vitality. Interstitial vessels 
have less capacity to penetrate a graft 
and prognosis for successful kerato- 
plasty is correspondingly increased when 
vascularization is limited to the stroma. 
Second, where surface  vasculariza- 
tion exists a lamellar graft will often 
remain free of surface vessels because the 
vessels regenerate between the wound sur- 
faces. Thus the interface between the graft 
and recipient cornea will be vascularized, 
leaving the outer surface free. Advantage 
has been taken of the above observations to 
devise a new surgical approach. The prin- 
cipal of the procedure consists first of pro- 
viding a more normal bed for a penetrating 
graft and simultaneously diverting the sur- 
face vessels into the corneal substrate, where 
their vitality is greatly reduced. This initial 
step is accomplished by installation of a 6 
mm. central lamellar graft. If this graft 
remains clear, an annular peripheral lamellar 
graft is inserted between the 7 and 9 mm. 
circumference, leaving a 1 mm. strip of 
undisturbed recipient cornea between the two 
grafts. By this means the surface vessels 
are diverted to the interface between the 
annular graft and recipient cornea and are 
blocked by the 1 mm. ring of recipient cor- 
nea that separates the two grafts. If the 
second graft remains clear, a third 5 mm. 
penetrating graft is placed in the original 
central lamellar graft. This penetrating 
graft is now installed in a more normal bed, 
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and the number of vessels regenerating 
across its surface is reduced to a minimum, 
This operation was performed on three pa- 
tients with severe vascularization of the 
cornea. The results are reported as excel- 
lent. Another method advocated a wide 
keratectomy and installation of a peripheral 
lamellar graft to the recipient cornea. The 
central portion remains uncovered and sub- 
sequently reepithelializes. Regeneration of 
the central corneal stroma occurred under 
the new epithelium, and in a few months the 
cornea became nearly normal in curvature. 
This technique was applied to 20 eyes se- 
verely injured from burns with hot metals, 
acids, and alkalis, 16 of which required 
plastic repair for symblepharon prior to 
keratoplasty. In most cases the visual acuity 
improved from light perception to finger 
counting, and in some a little more. The 
optical results were considered better than 
those obtained with penetrating kerato- 
plasty. 

Keratoplasty for Fuch’s endothelial and 
epithelial dystrophy has been considered 
hopeless. However, successful transplanta- 
tion has been reported when the endothelial 
degeneration is limited to the central portion 
of the cornea.®’ In advanced Fuch’s dys- 
trophy and aphakia a heroic technique has 
been described for posterior lamellar kerato- 
plasty. The anterior portion of the donor 
cornea was excised and discarded. The pos- 
terior cornea was then removed. In the 
recipient eye a keratome incision was made 
into the anterior chamber and the posterior 
half of the cornea was undermined with a 
corneal knife. Excision was completed with 
scissors. The donor graft was inserted and 
secured at three sites by double-arm sutures. 
The peripheral corneal incision was then 
closed. Visual acuity improved from 1/200 
to 5/200, but, following onset of glaucoma, 
it again dropped to 1/200. The postopera- 
tive period was marred by several antiglau- 
coma surgical procedures, which may have 
interfered with the final result. The graft 
remained in good position and the cornea 
was free of edema after one year, but no 
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further improvement in visual acuity was 
noted. 

Therapeutic lamellar keratoplasty was suc- 
cessful in two of three patients with chronic 
corneal ulcers. A lamellar keratoplasty 
with use of a lyophilized donor cornea was 
performed for an extensive vascularized 
pterygium. The result was reported as excel- 
lent.7° 

Implantation of inorganic transparent ma- 
terials dates back 100 years. Rock crystal, 
glass, methacrylate (Plexiglas), celluloid, 
and acrylic corneal implants have been used, 
and with few exceptions results have been 
discouraging. A major factor has been the 
inability to fix the implant by proliferation 
of fibrous connective tissue in desirable sites. 
A unique modification of previous methods 
consists of excising a disc of outer cornea 
and inserting a small methacrylate disc into 
a trephine opening through the posterior 
cornea. The anterior corneal dise is then 
resutured over the implant. Six weeks after 
the initial step the cornea covering the disc 
is trephined and removed. By this time the 
prosthesis is firmly fixed in position by scar 
tissue. Of 28 surgical procedures in rabbit 
eyes, 6 were reported as clear initially. How- 
ever, in the favorable group a membrane 
gradually covered the posterior corneal sur- 
face in four to five months. In 12 others 
the posterior surface of the disc was found 
to be covered by an opaque grayish-white 
membrane on removal of the anterior flap. 
The authors conclude that the principal 
problem is formation of fibrous connective 
tissue behind the foreign body. Their at- 
tempts to correct this have been unsuccessful 
to date. They feel that the procedure is 
encouraging and warrants further investiga- 
tion.™ Another approach consists of first 
implanting a disc into the sclera. Subse- 
quently, this disc and its surrounding sclera 
are implanted into the cornea, but eventually 
the dise sloughs.”* 

To summarize the statistical results of 
large series of cases is not within the scope 
of this paper. However, the results of sev- 
eral large series have been reported during 
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‘the past year, and in general the statistical 
findings are comparable with presently ac- 
cepted figures.7-75 

One of the major obstacles in the evolu- 
tion of keratoplasty has been the lack of 
suitable donor material. The establishment 
of eye banks following Filatov’s demonstra- 
tion that cadaver corneas are adequate great- 
ly enhanced its development, but there are 
many problems related to obtaining and 
preserving donor material.”* Even at the 
present time the limited storage life of cor- 
neas reduces the effectiveness of eye banks, 
since more donor eyes are discarded than 
are used. Degenerative changes are histo- 
logically evident as early as 24 hours after 
enucleation.”7 Rapid deep freezing of cor- 
neas in aqueous solutions has been unsuc- 
cessful because of loss of viability of the 
tissue. However, when corneas have been 
stored in 15% glycerin and saline at sub- 
freezing temperatures viability has been re- 
tained. Glycerin apparently prevents cell 
damage from crystallization of water. Suc- 
cessful grafting has been reported with the 
use of corneas stored by this method over 
a prolonged period of time. In cats success- 
ful grafting has been performed with cor- 
neas stored in 95% commercial glycerin for 
one month at 4 C, although a stormy post- 
operative course ensued.7%-%° 


Infections 
Keratoconjunctivitis 

Early in World War II several epidemics 
of acute keratoconjunctivitis first appeared 
in the shipyards of the West Coast. The 
disease later spread over the entire conti- 
nent, and since then there have been many 
sporadic outbreaks over the world including 
several during the past year.*!*° The great 
majority of cases have presented common 
clinical symptoms and findings that labeled 
it as a new disease entity of importance. The 
principal signs and symptoms consist of 
bilaterality, photophobia, translucent edema 
of the lids, marked conjunctival injection, 
diffuse watery discharge, tender preauricular 
lymphadenopathy, and superficial dissemi- 
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nated corneal infiltrates. The rapid dissemi- 
nation of the disease indicated an infectious 
etiology, which was later identified as a 
filterable virus.86 However, doubt now 
exists that the virus first reported was the 
specific cause or that any one group of 
viruses is the sole causal agent.*7** In 1954 
a new virus series labeled adenoidal-pharyn- 
geal-conjunctival (APC) agents was iso- 
lated, and it has since been found capable of 
producing keratoconjunctivitis. By serologic 
and tissue culture methods at least six 
strains were initially isolated, of which 
Types 1, 2, 5, and 6 were recovered from the 
tissue cultures of adenoids and tonsils. Type 
3 was recovered from cases of acute febrile 
pharyngitis with conjunctivitis, and Type 4, 
from acute febrile respiratory disease. Im- 
portant distinguishing features of this group 
of viruses include a characteristic cytopatho- 
genic effect produced in the tissue cultures 
and production of a soluble complement- 
fixing antigen shared by all immunologic 
types. Initially only Type 3 was thought 
capable of producing conjunctivitis, and of 
the original six strains none appeared capa- 
ble of producing keratitis. However, in the 
past two years several reports have appeared 
presenting evidence that corneal involvement 
does occur and that clinically the disease 
simulates epidemic keratoconjunctivitis to a 
variable degree. The APC virus was estab- 
lished as the causal agent through demon- 
stration of neutralizing antibodies.°°™ Fur- 
ther investigation established that serum 
obtained from four patients with epidemic 
keratoconjunctivitis in the Windsor epidemic 
of 1951 and from two patients with epidemic 
keratoconjunctivitis in Toronto in 1954 had 
neutralizing antibodies to a newly found 
strain, Type 8 APC (Trimborn), which was 
first discovered on the West Coast.® This 
new strain has been labeled the Jawetz 
virus.** Similar viruses have been recovered 
from tissue cultures in Engiand, and neu- 
tralizing antibodies against APC virus have 
* been found widely distributed in the north 
of England. At the present writing con- 
fusion exists regarding the relationship of 
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the EKC virus or viruses to APC virus, but 
it is evident that there are multiple etiologies 
to the clinical syndrome of epidemic kerato- 
conjunctivitis. 


Herpes Keratitis 


The role of immunity in herpetic keratitis 
has been of some interest. After an infec- 
tion immune bodies may appear systemically 
in the circulating blood serum and locally in 
the involved tissue. The mechanism of local 
immunity is not understood. The observa- 
tion has been made that a high serum anti- 
body appears within four weeks after 
infection and persists for several months. 
This serum antibody concentration in rabbits 
provides minimal protection against reinfec- 
tion but ameliorates the progress of the 
disease where reinfection occurs. In con- 
trast, local immunity offers a high degree 
of protection against reinfection.** A sim- 
ilar observation has been made for the re- 
lated vaccinia virus when the serum 
antibody reaches moderate levels. Hyper- 
immunization of rabbits following intra- 
venous injections of live vaccinia virus 
increases the protection slightly. The highest 
degree of immunity is produced by subcon- 
junctival injections and by active vaccinia 
keratitis. Local tissue immunity persists for 
a short period after the serum antibody has 
fallen to low levels.” 

In a discussion of the pathogenesis of 
herpes simplex and other related corneal 
disturbances the relationship of virus infec- 
tion to trauma has again been emphasized. 
These observations tend to confirm the 
strong suspicion that viable herpes viruses 
are dormant in the tissues of a large number 
of normal 

A clinical study of the alterations of cor- 
neal innervation in herpes simplex by stain- 
ing with methylene blue indicated that the 
initial changes in the nerve fibers consist 
of a spindle-shaped thickening of some of 
the fibers of the nerve stem and fragmenta- 
tion of the fibers. These changes are fol- 
lowed by hyperregeneration of several 
nerves and subsequent ramifications of 
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hypertrophic stems and loops. In newly 
formed bundles varicosities have been ob- 
served.’°? Microscopic studies of the tissue 
changes in herpetic keratitis in rabbits show 
typical intranuclear inclusion bodies in many 
epithelial cells, necrosis of epithelial cells, 
and edema and vesiculation of the deeper 
layers of the affected area. Mitotic figures 
and nuclear alterations are common, and 
pathologic changes are often noted in the 
stroma. Stromal changes consist of degen- 
eration and proliferation of the fixed cells 
of the cornea, degeneration of the lamellae, 
immigration of lymphocytes and leukocytes 
between the lamellae, and severe damage to 
nerve bundles, 

The search for an effective therapeutic 
drug in the treatment of herpes simplex 
virus continues. Cortisone is believed to en- 
hance the spread of herpetic infection of the 
cornea by inhibiting the inflammatory tissue 
reaction to infection. An observation has 
been made that the somatotropic hormone 
(STH) has the opposite tissue effect and 
tends to stimulate allergic and inflammatory 
reaction. Hence, if instillation of corti- 


sone enhances the spread of infection in the 
cornea, STH theoretically should have an 
inhibitory effect. Following inoculation of 
rabbit corneas with herpes virus, STH was 
given both therapeutically and prophylacti- 


cally by subconjunctival injections and 
drops. Comparison with controls indicated 
that STH was ineffective therapeutically 
but that prophylactically it might have some 
inhibitory effect. A similar study of desoxy- 
corticosterone acetate (Doca), estrogenic 
hormone, and androgenic hormone gave the 
same negative findings. Influenza vaccine 
was subjected to the same study, since suc- 
cessful clinical experiences in controlling 
herpes zoster infections with this vaccine 
have been reported.’ No beneficial effect 
was noted. A new antibiotic (O.C. 1315- 
262, Sharpe & Dohme) has been found to 
be of little benefit.1°7 

Irradiation of the cornea is reported as 
an effective therapy for dendritic ulcer. 
Claim is made that the inflammatory reaction 
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subsides rapidly and is not followed by 
desquamation of the epithelium and _ that 
recurrences of corneal lesions are rare.’ 
Some rationale for irradiation therapy has 
been offered by the following observations. 
Apparently elaboration of antibody is not 
limited to certain specialized cells, as was 
originally considered to be the case, and, 
among the other tissues, may be produced by 
epithelium. Local immunizing antibody pro- 
duction has been found to be enhanced by 
irradiation? 1° 


Tissue Culture Techniques 


In the discussion of the above viruses, 
mention is made of tissue culture techniques. 
This method of demonstrating active virus 
infection of the cornea has become increas- 
ingly important as a diagnostic and research 
aid. Epithelial cells are hardy and with 
proper cultural methods will proliferate and 
form sheets over’a surface. Advantage is 
taken of the fact that viruses invade epithe- 
lial cells and that, following their invasion, 
characteristic cytopathogenic alterations oc- 
cur. Usually the cells are obtained from 
human or animal kidney, corneal epithelium 
(rabbit), and carcinoma cells originally ob- 
tained from carcinoma of the cervix (HeLa 
cells). When these epithelial cells are ex- 
posed to viable viruses cellular invasion 
occurs and, in addition to specific cytologic 
alterations, disintegration of the sheets be- 
comes manifest microscopically. The possi- 
bilities of tissue culture as a more rapid 
and sensitive diagnostic test for herpes sim- 
plex have been investigated. Rabbit corneal 
epithelium, HeLa cells, and human kidney 
epithelium cultured in standard media have 
been inoculated from a prepared solution of 
washings and scrapings obtained from active 
herpetic lesions. In stained preparations of 
rabbit corneal epithelium recognizable signs 
of infection are evident as early as six to 
eight hours after inoculation. The cellular 
changes consist of nuclear inclusions and 
marginations of chromatin and early degen-- 
erative changes in the epithelial sheets. 
Stained preparations of infected HeLa cul- 
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tures show changes in approximately 15 
hours, and by 30 hours there is partial dis- 
integration of the sheets of cells. In human 
kidney epithelium nuclear inclusions and 
giant cells typical of herpetic infection are 
found. A survey was made of 20 cases of 
suspected herpetic infections of the skin, 
mouth, and eyes in order to compare the 
results of tissue culture methods with the 
standard method of inoculating corneas of 
live rabbits. Of the 20, there were charac- 
teristic changes in tissue culture in 13, com- 
pared with 11 of the inoculated corneas. 
However, of 10 specimens collected from 
typical cases of dendritic keratitis, virus was 
recovered from only 5. The authors could 
not explain this discrepancy. The greatest 
advantage of the tissue culture method is 
time, as indicated by 7 hours necessary by 
this method versus a minimum of 10 days 
for in vivo studies. There is also an indica- 
tion that it may be more sensitive.’ 


Fungus Infections 


Fungus infections of the cornea should 
be suspected in chronic hypopyon ulcers that 
have received repeated local instillations of 
antibiotics or These in- 
fections may occur because of contamination 
of the medication instilled, or the biological 
effect of the medication may permit over- 
growth of fungi normally present in the 
conjunctival sac. Fungi were cultured from 
the conjunctival sac of 18% of normals 
compared with 67% of patients previously 
treated with cortisone or hydrocortisone. 
Hydrocortisone solution was instilled in the 
conjunctival sac of 18 persons in whom no 
fungi had been previously demonstrated. 
After 14 days of therapy fungi were found 
in 9. One fungus identified was Candida 
albicans.** 


Medical Therapy 


A most striking demonstration of endo- 
crine influence on wound healing has been 
observed following administration of corti- 
costercids. Despite the wide application of 
these drugs, their mechanism of action still 
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remains speculative. The concentration of 
cortisone and hydrocortisone labeled with 
C™ in the corneal stroma and aqueous has 
been found to be remarkably low after ad- 
ministration to the cornea." 

Hydrocortisone has a less marked inhibi- 
tory effect on the regeneration of corneal 
epithelium than cortisone but, like cortisone, 
inhibits fibrocytic reaction.“ An attempt has 
been made to block the inhibitory reaction of 
hydrocortisone on regenerating corneal epi- 
thelium following injury by adding chloro- 
phyll to the hydrocortisone solution. The 
rate of epithelial repair is appreciably ad- 
vanced when chlorophyll is added to the 
solution, in comparison with the results in 
injured eyes treated with hydrocortisone 
alone.“® This inhibiting effect of the cortico- 
steroids is only temporary and does not alter 
the ultimate uncomplicated wound repair." 
There are no appreciable differences in the 
inhibitory effect of cortisone given locally in 
the form of drops versus cortisone given by 
subconjunctival injection.“* Local instilla- 
tions of cortisone and hydrocortisone ame- 
liorate the symptoms of keratoconjunctivitis 
sicca but do not alter the physical findings 
of this disease. Administration of cortico- 
tropin systemically is no more effective than 
use of the local preparation.""® 

Of the newer corticosteroids, prednisone 
(Meticorten) and prednisolone (Meticorte- 
lone) are the most promising. These agents 
are more effective than cortisone (Cortone) 
or hydrocortisone (Hydrocortone) when 
used either locally or orally, and equivalent 
dosages have fewer side-effects. The indi- 
cations and contraindications for the use 
of these drugs remain the same as for corti- 
sone and 

The monoethyl ether of ethylene glycol 
(Ethylcellosolof ) increases the effectiveness 
of antibiotics in local instillation. It may 
act by enhancing the concentration of the 
drug in the deeper tissues of the cornea.** 
Chelating agents have been defined as com- 
pounds which form soluble complexes with 
specific metals or other compounds and 
remove them from the chemical milieu in 
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which they occur.’** Such an agent, ethyl- 
enediamine-tetraacetic acid, has been used 
effectively for the removal of corneal cal- 
cium deposits of band keratopathy. This 
compound forms a soluble complex with 
the calcium deposited in the corneal stroma 
and is washed away. A similar agent, Ver- 
senate, the disodium salt of ethylenediamine- 
tetraacetic acid, has been reported equally 
effective. It is instilled in a similar manner, 
drop by drop on an abraded cornea for 15 
minutes. During instillation clearing of the 
cornea becomes evident.?** 

Instillation of a combination of strepto- 
kinase and streptodornase ( Varidase) may 
be beneficial in the treatment 
corneal ulcers. This medication probably 
promotes the clearing of necrotic debris 
from the surface of the ulcer, which may 
permit better exposure to other medica- 
tions. The optimum dosage consists of five 
to six daily instillations of solutions rang- 
ing from 2000 to 10,000 units per cubic 
centimeter.1*6 

Eritrocilline, a combination of lyophilized 
human erythrocytes and penicillin, has been 
reported as more effective than penicillin 
alone for experimental corneal abrasions 
in rabbit 

An important single factor in the control 
and treatment of endemic trachoma is a 
sanitary environment, When this was 
coupled with administration of chloram- 
phenicol, chlortetracycline (Aureomycin), 
and oxytetracycline (Terramycin), excel- 
lent results were obtained in mass treatment 
of a heavily infected area.’** Of the various 
therapeutic agents, sulfacetamide remains 
the drug of choice. Only minor benefit has 
been reported with chloramphenicol, oxytet- 
racycline and chlortetracycline.’** Oral and 
local administration of tetracycline is bene- 
ficial, particularly for trachomatous kerati- 
tis, but not as effective as the sulfonamides. 
It may be of value as a substitute for the 
latter. 


of severe 


Sclera 


Confusion seems to exist regarding the 
nature of a focal inflammatory lesion of 
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the sclera termed scleromalacia perforans. 
Scleromalacia perforans was originally con- 
sidered an ocular disease of obscure etiology 
manifested by a localized circumscribed 
perforation of the anterior sclera. Typically 
it occurs in older people, some of whom 
have had rheumatoid arthritis of long dura- 
tion. The occasional absence of a clinically 
evident inflammatory reaction has led to 
the conclusion by some that it is a purely 
degenerative process. However, similar cir- 
cumscribed perforations of the anterior 
sclera have also been noted following focal 
inflammatory reactions of the sclera or 
limbus with or without rheumatoid arthritis. 
Histologically these latter lesions closely 
resemble rheumatoid nodules appearing 
elsewhere on the body, and in these in- 
stances the relationship to rheumatoid arth- 
ritis has been well established. The 
suggestion has been made to reserve the 
term scleromalacia perforans for nonin- 
flammatory scleral dehiscences that occur in 
persons with chronic rheumatoid arthritis. 
This is to distinguish it from another entity, 
necroscleritis nodosa, which is inflamma- 
tory and occurs in the absence of rheuma- 
toid arthritis.'"** Scleromalacia perforans is 
also distinguished from  nonperforating 
scleromalacia and scleromalacia with por- 
phyrinuria.'** Lesions simulating sclero- 
malacia perforans were described as occur- 
ring in a patient with chronic rheumatoid 
arthritis, splenomegaly, and leukopenia 
(Felty’s syndrome). Following a seige of 
episcleritis a focal slough of the sclera oc- 
curred, leaving a dehiscence of the sclera 
and exposing the uvea. A corneal ulcer 
subsequently developed and _ perforated, 
which was followed by loss of the eye.!* 
The above cited reports imply that sclero- 
malacia perforans is a specific clinical en- 
tity that is to be distinguished from 
similar-appearing lesions of slightly dif- 
ferent clinical manifestations. However, 
there is no uniformity of opinion regarding 
which of these lesions is to be designated 
At the present 
time it appears that any rigid classification 
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is not logical until more is known of the 
pathogenesis of the disease. 
3181 S.W. Sam Jackson Park Rd. (1). 
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LUNEBURG THEORY OF VISUAL GEODESICS IN BINOCULAR SPACE PERCEPTION 


To the Editor:—The recent article by Paul Squires (A. M. A. Arcu. Oputu. 
56 :288-297, 1956) is, we believe, of some interest, but certain points do need 
clarification. 

The Luneburg theory was developed to describe only certain aspects of bin- 
ocular visual experience, those associated with the purely geometric properties 
of size and location of objects. The use of small point sources of light in an 
otherwise totally dark room is an experimental design appropriate to the Luneburg 
theory. Though Squires’ use of small black dots in a diffusely illuminated room 
could certainly represent an important experiment in its own right, it is not an 
experimental design appropriate to the Luneburg theory. In this instance, extrane- 
ous visual clues are introduced which the theory does not attempt to account for— 
among other things, color and brightness of objects and, especially, the configura- 
tion of the room itself. Such a configuration, possessing rich monocular per- 
spective clues, has been explored, by the complete sensory armamentarium, many 
times in the past, so that judgments relating to it cannot really be said to be ex- 
clusively, or even predominantly, binocular. The mathematics of the visual space 
under such conditions may be, and, indeed, is most probably, entirely different 
from that describing the restricted visual space of the Luneburg geometry. It is 
not permissible to claim that, because a fairly adequate description of visual light 
does not also describe x-rays equally as well, the description of light rays is, there- 
fore, in itself, incorrect. That alleys under conditions of ambient illumination are 
different from darkroom alleys is an interesting point, though we might have 
suspected it. But the very fact of this difference tells us nothing whatsoever about 
the adequacy, or the inadequacy, of the description of the alleys under either con- 
dition by itself. 

The point is of particular relevance to Squires because he concludes that the 
two experimental designs do, in fact, give the same results. This would indeed 
be an important addendum, but to base it on only two observations (one of P. C. S. 
in the dark and one of T.S. under diffuse illumination) is perhaps not the most 
conservative approach. In any case, Squires probably did not really intend this 
finding as a “contradiction’”’—his wording is perhaps misleading. 

This is also true of his use of the word “photopic.” All alley experiments so 
far completed have been photopic. To imply, by contrast with his own studies, that 
some alleys were done under scotopic conditions is not correct. “Darkroom” alleys 
are most definitely also photopic alleys. In fact, it is more than likely that truly 
scotopic (i. e., rod vision) alleys cannot be measured at all, because of the markedly 
reduced peripheral acuity and the increased tendency towards autokinesis. 

Second, to evoke experimental findings wherein the observer's attitude can 
shift the results one way or another is either to invalidate the experimental pro- 
cedure itself or to disqualify oneself as an observer. Thus, whatever is the “depth- 
perceiving attitude” that certain observers seem to adopt, it can only contaminate 
the results. Moreover, it violates, most directly, the basic and fundamental defini- 
tion of the distance alleys. 

Squires misses the fact that the distance alleys are not to be “visual alleys” 
at all. He appears to have been mislead by the terminology. The only point at 
issue in the distance alleys is that the widths of the alleys should be visual geodesics, 
normal to the median symmetrical line of sight. In the usual experiment on the 
distance alley, only four points of light appear, the two fixed far-points, and the 
two variable points placed somewhat nearer. In this case, the observer constructs 
only two equally-sized black spaces (the apparent frontal spaces between the two 
pairs of lights). The concept “alley” never once enters in, It is true, of course, 
that we eventually fit a mathematical curve through the points, to make them into 
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a “mathematical alley”; but never into a “visual alley.” Luneburg adopted the 
term from Blumenfeld, and it has unfortunately persisted. 

While it is true that Luneburg’s choice of the hyperbolic metric was based 
primarily upon his interpretation of the alley experiments, it is simply false to 
state that “Luneburg developed his equations principally upon the basis of the 
Blumenfeld alleys.” Suppose, for example, that we had experimental results which 
clearly showed that visual space was not a hyperbolic space; the question would 
still exist as to whether visual space was a Riemannian space. A major part of 
the Luneburg theory pertains to this more general question and would be retained 
independently of the alley-experiments. 

Indeed, Luneburg did anticipate that much of his work was of the nature of a 
tentative hypothesis and that it might need reformulation in the light of future 
experimentation. Moreover, as the experiments now stand, we can have no 
predilection for choosing, necessarily, a hyperbolic space, or even a Riemannian 
space. Further clarification of these questions awaits extremely careful experi- 
ments. In the meantime, the Luneburg theory does indicate the direction in which 
such experimentation may move and provides a framework which future work in 
this region cannot ignore. 

In summary, we wish to emphasize that the highly technical nature of the 
problems inherent in the development of a geometry of binocular visual space, and 
the active experimental work in progress, make necessary very critical examination 
of all contributions in this field. 

THORNE SHIPLey, Pu.D. 
Gorpon L. WaLKER, Ph.D. 
American Optical Company 
Research Center 
Southbridge, Mass. 


To the Editor:—-Replying to Drs. Shipley and Walker, I wish briefly to say: 

1. Shipley and Walker claim that work done in the darkroom alleys cannot 
be said to have been carried out under scotopic conditions. 

Reply: Unquestionably, points of light in a darkroom are perceived by the 
foveal cones, but a few points of light in a wholly dark surround do not prevent 
scotopic adaptation (the stars are seen at night with dark-adapted eyes). There- 
fore, experiments with darkroom alleys involve foveal (cone) perception by eyes 
which are in a state of scotopic adaptation—a complex which has not been suf- 
ficiently examined by darkroom experimenters. However, I have no objection to 
using the term darkroom alleys and have in general used this term in my article. 

2. Shipley and Walker claim I conclude that the white lighted and darkroom 
alleys give the same results. 

is yp Nowhere do I conclude that the same results were obtained from white 
lighted and darkroom alleys. All I claimed was “The algebraic sign of the non- 
Euclidean metric is not affected, so far as our data reveal, and under the values 
of @ used, by the differences between white lighted and darkroom conditions” 
(p. 296). “Algebraic sign” and “results” are not synonomous expressions. 

3. Shipley and Walker: “In any case, Squires probably did not really intend 
this finding as a ‘contradiction’—his wording is perhaps misleading.” 

Reply: Here, Shipley and Walker refer to the matter dealt with under 2 above. 
I cannot find where I used the word “contradiction” in this connection. 

4. Shipley and Walker: “This would indeed be an important addendum, but 
to base it on only two observations (one of P.C.S. in the dark and one of T. S. 
under diffuse illumination) is perhaps not the most conservative approach.” 

Reply: These two “observations” suffice to establish a prima facie case, at any 
rate. We note that Shipley and Walker recognize the importance of this line of 
attack, even though it is historically true that the Luneburg theory was based 
on clueless binocular vision in a darkroom. The “two observations” referred to 
by Shipley and Walker consisted of one morning spent by Shipley in setting up the 
white lighted alleys and two afternoons spent by me in Shipley's darkroom. 

5. Shipley and Walker: “. . . it is simply false to state that ‘Luneburg de- 
veloped his equations principally upon the basis of the Blumenfeld alleys’.” 
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Reply: Luneburg states, “The alley experiments thus give us the possibility of 
deciding by experiment which metric is characteristic for our spatial sensations. 
Blumenfeld’s data show clearly that the distance curves lie outside the parallel 
curves. Thus if we are allowed to identify his parallel alleys with the above- 
discussed alleys, we must conclude that the psychometric, of space sensations is 
hyperbolic” (R. K. Luneburg: Mathematical Analysis of Binocular Vision, 
Princeton, N. J., Princeton University Press, 1947, p. 80). 

L. H. Hardy et al. state, “The most striking evidence that visual space is non- 
euclidean lies in the distinction in visual perception between apparently parallel 
straight lines and curves of apparent equidistance” (Hardy, L. H.; Rand, G.,; 
Rittler, M. C.; Blank, A. A., and Boeder, P.: The Geometry of Binocular Space 
Perception, Elizabeth, N. J., J. Schiller, 1953, p. 20. 


6. Shipley and Walker: “. . . to evoke experimental findings wherein the ob- 
server's attitude can shift the results one way or another is either to invalidate 
the experimental procedure itself or to disqualify oneself as an observer.” 

Reply: Shipley and Walker here present a spurious dilemma, scarcely worth 
of a reply. Einstellung (adjustment, attitude, set) and Anlage (predianaines’ 
are integral to all observations and mental processes whatsoever. The observer 
imposes pattern upon aggregates of stimuli, The duty laid upon the experimenter 
with respect to set or attitude is to control it in so far as possible. Reading of my 
instructions to the observers will show that I made every effort to get them “to 
view the” parallel “alley .. . as a whole” and to make the judgments on apparent 
widths for the distance alley “while holding your depth-perception attitude” (p. 
291). 


7. Shipley and Walker: “Such a configuration, possessing rich monocular 
perspective clues...” 

Reply: My instruction to observers was: “You must use both eyes at all 
times...” (p. 291). This instruction was a critical one: I emphasized and re- 
emphasized it during the experimental sittings. As a matter of fact, I insisted 
that binocular viewing be carried out at all times while constructing both the 
parallel and equidistance alleys. I have no reason to believe that any observer 
violated this cardinal instruction. 


8. Shipley and Walker: “In this instance, extraneous visual clues are intro- 
duced . . . especially, the configuration of the room itself.” 

Reply: Certainly visual clues (secondary criteria) are afforded by the white 
lighted condition, as contrasted with the clueless darkroom situation, But man 
does not ordinarily carry on a mole-like existence. I have been interested in dis- 
covering whether, for binocular vision under white light, observers show a dif- 
ference in the algebraic sign of the Riemannian curvature under white lighted and 
darkroom conditions. As stated in my reply, 2, above, I have not found difference 
in algebraic sign of K, for the values of @ used, under the two conditions of 
illumination. 

Renshaw has well said: “But of course the question arises: how much does 
one artificialize the situation by elimination of normal field or peripheral seeing 
conditions? The point is debatable.” He also states: “The question of the proper 
metric for binocular space remains open’’ (cited by me, p, 295). 


9. Shipley and Walker: “Squires misses the fact that the distance alleys are 
not to be ‘visual alleys’ at all.” 

Reply: It should hardly be necessary for me to remark that I have been fully 
aware at all times that, historically, the equidistance alleys have not been treated 
as “visual alleys.” And this is exactly the crucial objection I have interposed with 
respect to the Luneburg theory: that the Blumenfeld distance alley data used by 
Luneburg were not data derived from a “‘visual” alley. 

Comments: It may very well be that in searching for the Riemannian metric 
of binocular space we are pursuing a fata morgana. We more than suspect that 
the final solution—if there be such—will not be in terms of a single metric, even 
for one observer, but in terms of metrics. 
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Among the many highly intricate and obscure problems to be solved in con- 
nection with the Riemannian curvature of binocular space is the role enacted by 
die eidetische Anlage (eidetic disposition) in determining the sense of curvature 
(geometric) of the apparent frontoparallel plane at various distances. The 
investigations of Kréncke, vom Hofe, E. R. Jaensch, and Reich indicate how 
important this eidetic disposition may be for determination of the binocular space 
metrics (references to these investigations may be found in Ogle, K. N.: Re- 
searches in Binocular Vision, Philadelphia, W. B. Saunders Company, 1950; 
see p. 23). 

Paut C, Squires, Ph.D. 
Human Engineering Branch 
Medical Research Laboratory 
U. S. Naval Submarine Base 
New London, Conn. 
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COLLEGE OF PHYSICIANS OF PHILADELPHIA, SECTION ON OPHTHALMOLOGY 


1, S. Tassman, M.D., Chairman 
William E. Krewson, 3rd, M.D., Clerk 
March 15, 1956 


Keratotomy in Mooren’s Ulcer of The Cornea. Rk. D. Hartey, M.D. (by invita- 
tion). 

Mooren’s ulcer is a relatively rare disease. In the available literature it was 
unusual for one ophthalmologist to have reported more than three cases of his 
own even after working for many years. 

In over 25% of cases it is bilateral, but several years may elapse between 
involvement of each eye. It characteristically occurs in elderly people, but case 
reports include all ages. 

The disease begins with a gray patch of infiltration at the corneal margins 


approximately 1 mm. from the limbus. The ulcer spreads slowly along the mar- 
gin and gradually in toward the center of the cornea. After the ulcer has been 


present for two weeks or longer, a dehiscence or furrow becomes apparent with 
its base on the corneal side, along with an overhanging margin. The ulcer pene- 
trates about half way through the cornea and never appears to go deeper. Per- 
foration is rare unless secondary infection is present. Healing takes place very 
slowly from the periphery, with the development of new vessels and scar tissue. 
In front of the advancing border there is a gray infiltration, and beyond this 
point the cornea remains completely clear. 

Symptoms of pain and photophobia are very severe in spite of the mild tissue 
response to inflammation. The pain is not controlled by the use of local anes- 
thetics. In addition to the local eye discomfort, the pain seems to involve most 
of the area supplied by the first division of the fifth nerve. Even heavy sedation 
may give but temporary relief, and the increasing exhaustion of the patient be- 
comes as much of a problem as the eye. Unfortunately, in too many cases, 
despite all available treatment, the pain and ulcer continue unabated and the prog- 
nosis for future vision becomes poor. 

A case involving both eyes was presented which was successfully treated by 
delimiting keratotomy after a conjunctival flap failed to help. Penetrating kera- 
totomy incisions from 11 to 7 o'clock and 7 to 4 o'clock were required for the left 
eye, but quadrilateral keratotomies were required for the right eye. 

Involvement of the second eye took place 18 months after the attack in the 
first eye. The visual acuity has remained at 20/30 in the right eye and 20/70 in 
the left eye for the past three years, and there has been no sign of recurrence. 

The production of hypotony over a period of time seems to offer good results. 
This can be accomplished by delimiting keratotomy, repeated paracenteses or 
making a fistulous track with a cautery. A ring-shaped lamellar corneal graft 
has received good reports and may be used prior to a keratotomy. 


Discussion 


Dr. Gren G. Gisson: Dr. Harley should be congratulated for his heroic ef- 
forts and his gratifying end-result, which he has achieved in a condition that 
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all too frequently terminates in blindness or in enucleation. He was kind enough 
to permit me to see this patient, and I wish to confirm his diagnosis. His de- 
scription does not adequately portray the hopeless appearance of these eyes and 
the intractable nature of Mooren’s ulcer, of which his patient is a classical ex- 
ample in every detail. He has stated that the basic abnormality and pathogenesis 
of Mooren’s ulcer is unknown. The clinical course, the response to therapy, and 
the way in which repair was accomplished would tend to suggest that diminished 
nutritive supply, secondary to vascular sclerosis, played an important role in the 
pathogenesis of this process. Such a simple explanation does not suffice, how- 
ever, owing to the common occurrence of the advanced stage of vascular sclero- 
sis and the infrequent incidence of Mooren’s ulcer. The delimiting keratotomy 
is admittedly an empirical procedure, and the benefits from this operation can 
presumably be attributed to two main and different mechanisms. First, the de- 
limiting keratotomy has a confining influence on the necrotic process in corneal 
disease, which at times spreads by the necrotizing effect of the necrotic tissues 
on the adjacent vital cells by direct continuity. A delimiting keratotomy tends to 
prevent this type of extension, and that is one mechanism by which benefits were 
probably derived. 

The other beneficial effects are related to hypotony. Presumably a number 
of alterations occur following prolonged hypotony. These alterations are not 
easy to measure, but it can be postulated that increased secretory activity by the 
ciliary processes, leading to a plasmoid aqueous, accounts for some of the bene- 
ficial effects. Dilatation and migration of vascular loops of superficial limbal 
plexus occurs. This is essential to repair in this process. Likewise, there is a re- 
duction in tissue tension, which has a beneficial effect on the transfer of intra- 
corneal fluid. There is increased permeability of the cornea, owing to the obvious 
discontinuity of the epithelium and endothelium. The keratotomy may accelerate 
the elimination of the toxic material from the necrotic ulcer. 


The use of chemical cautery and diathermy is said to be beneficial in the 
treatment of this condition, but it should be done with a clear-cut concept of the 
difference in the therapeutic objective in pryogenic ulcer and in Mooren’s ulcer. 
In cases of purulent corneal ulcer diathermic fulguration is the method of choice. 
It should be the principal method for eradication of the infection, and antibiotics 
should be reserved for a secondary role in most cases. The objective is not only 
to destroy the necrotic tissue but to extend beyond the visual limits of the lesion 
to destroy the organisms, which presumably are located beyond the visible mar- 
gins of lesions. To be successful diathermic fulguration should be done in a 
somewhat radical manner. In contrast to this, in Mooren’s ulcer the objective 
is merely to destroy necrotic tissue, and not to eradicate infection. The fulgura- 
tion with diathermy should be done in a highly conservative manner, because 
here we are employing a very devitalizing agent in a tissue which is already devi- 
talized. I should like to emphasize a point which Dr. Harley passed over rather 
lightly, and that is the fact that part of his success was due to the fact that he 
closely adhered to one of the basic principles in corneal therapy. He kept the eye 
thoroughly atropinized. The incomplete or inadequate utilization of atropine 
constitutes one of the greatest therapeutic errors in present-day ulcer therapy. 


Finally, I think that we can all approach our next case of Mooren’s ulcer 
with a sense of diminished futility after hearing Dr. Harley’s interesting case 
report. 
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Dr. James S. SuipmMan: I should like to compliment Dr. Harley on his 
beautiful result. My own experience with this operation in other types of malig- 
nant ulcers has been very satisfactory. I do not think this procedure has been 
done or is being done as much as it should be. We used to refer to this opera- 
tion, and I still refer to it, as a Saemisch section; I think I must have done at 
least four or five, and I have been present when another five or six have been 
done. This operation was first called to my attention by Dr. B. F. Baer about 
twenty-five years ago. I will never forget the first one I saw him do, how brutal 
it looked, and how I never could feel that the patient would ever see again. But, 
gentlemen, it does work, especially when it is done soon enough. I think Dr. 
Harley is to be congratulated that he had nerve enough to try this procedure in a 
case of Mooren’s ulcer and to do it as it should be done. Certainly, it proved to 
be perfect for this case, and it did stop the progress of the condition. I have 
seen it work in other cases and save eyes that would otherwise have been lost, but 
not always saving so much vision as he did here. 

The Electroretinogram in Man During Blackout. T. D. Duane, M.D. (by 
invitation ). 

Electroretinograms from five subjects were recorded on the human centrifuge 
under varying degrees of accelerative stress up to and including blackout and 
unconsciousness. These findings were correlated with changes in the retinal cir- 
culation and with the consensual light reflex. It was found that the electroretino- 
gram could not be employed as an objective measurement of blackout, since it 
persisted throughout all the experiments, as did the consensual light reflex, These 
findings indicate a likely origin of blackout in or near the ganglion-cell layer of 
the retina. 


Discussion 

Dr. Francis H. Apter: Dr. Duane, we are all fascinated by your work and 
the amount of torture that you have put yourself through in this experimentation 
concerning the possible site of blackout. I cannot see from your diagram how 
pupillary impulses get through, while visual impulses are blocked, unless you 
postulate separate optic nerve fibers for these functions. 

I wonder if it would be helpful to perform another experiment, and that 
would be to record under these conditions an electroencephalogram with the 
ordinary alpha rhythm and see whether you can still get “driving” through. 
The alpha rhythm can be influenced with intermittent illumination from the 
retina. In other words, if you expose an eye to flicker, you can under normal 
conditions show the influence of flicker on the rate of the cortical impulses. That 
is called driving the alpha rhythm. 

Now I would like to know whether under conditions of blackout you can 
demonstrate “driving.” If you cannot, it means impulses are not reaching the 
cortex, and that would mean that blackout is solely in the retina. If you can 
still get driving, it would mean that blackout may be partially in the retina and 
partially in the cortex. 

Dr. T. D. Duane: In the first place, I should like to thank Dr. Adler for his 
comments. When you say that you are not quite certain as to our scheme—is that 
because of a poor diagram or because you do not believe it to be physiologically 
possible ? 

Dr. Francis H. Apter: Well, let us assume that the ganglion cell is the last 
point at which blackout could effect the retinal conduction unless you are going to 
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assume it is on the nerve fiber. Let us take the ganglion cell. Now, if it is any- 
where between the ganglion cell and the réceptors, why would not it block the 
pupillomotor fiber as well as the visual? 

Dr. T. D. Duane: First let me state we think that the synapse is more sus- 
ceptible to anoxia than the ganglion cell itself. 

Now there are several synapses in there between the photoreceptor and 
ganglion cell. We have pinpointed to this particular synapse because we think 
that the other synapse between the photoreceptor and the pupillomotor afferent 
tract is deeper in the retina, more in the deep bipolar region, or closer to the 
photoreceptor itself. This receives a certain supply of oxygen, and so forth, from 
the deeper portion of the retina, also from the choroid. Now the ganglion cell 
and the ganglion synapses lie within the outer bipolar area; it does not get any- 
thing, or very little, from the deeper source of the supply for the retina—I mean 
that closer to the photoreceptor cell. So we conclude that when reflex action oc- 
curs under these conditions of blackout that photoactive and relatively insensitive 
nerve fibers continue to function. We think that in the visual pathway the photo- 
receptor and bipolar areas function but the impulse is blocked at the region of 
synapse between the ganglion cell and bipolar area, where the blood supply has 
been cut off, as we observed. 

Anyway, that is the theory. You see it seems there are not the same number 
of synapses and pathways for pupillary as there are for visual fibers. 

Dr. Francis H. Apier: That is the assumption that you accept. In other 
words, all the evidence points to their being the same. 

Dr. T. D. Duane: And that is not what you say in your book. 

Dr. Francis H. Apter: The Bible says, “Would that mine enemy would 
write a book.” The evidence is certainly not conclusive that they are separate. 
Many have tried to make them separate because of so many clinical facts which 
suggest it. 

Dr. T. D. Duane: You are right. As I say, the tendency is for the physiolog- 
ical basis to help support the anatomical. | do not think there is too good evidence 
for them either, but the second part of your comment is very interesting about 
the photic driving. 

Dr. Lewis and I, before he left, had proposed experiments in which we had 
planned to do this very thing. Both under room condition, i.e., pressure on the 
globe, plus during blackout on the centrifuge. However, Dr. Lewis is now 
measuring intravascular phenomena and so | do not know if we will get to it or 
not. 


1. S. TASSMAN, M.D., Chairman 
WILLIAM E. KREWSON 3rd, M.D., Clerk 
April 19, 1956 


The Toxic Amblyopias: A Reevaluation. ALnert M. Ports, M.D. (by invita- 
tion). 

The concept of “toxic amblyopia” is essentially a residual one which has 
remained after subtracting diseases with ophthalmoscopic findings from the 
ancient concept of “gutta serena.”” It therefore causes the lumping together of 
entities with many different biochemical mechanisms and different local sites of 
action. This causes unnecessarily muddled thinking in a medical science where 
the tools are available to work out specific biochemical mechanisms of disease. 

Three examples considered in some detail serve to illustrate the disadvantages 
of the concept of toxic amblyopia. 
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One of these is the case of methyl alcohol poisoning, which has been under 
study for some years in the Western Reserve Laboratory. Because of the diffi- 
culties in controlling variables in human poisoning cases, animal experimentation 
was resorted to. It was soon found that methyl alcohol poisoning in lower animals 
was simply organic solvent narcosis and bore little relationship to the human 
disease. In rhesus monkeys, however, the human disease picture was faithfully 
reproduced and on analysis proved to be three concentric diseases which could 
be demonstrated separately with proper technique. Disease I was the organic 
solvent narcosis seen in any animal with doses of 10 gm/kg. of —_— alcohol 
and was similar to poisoning with comparable doses of ethyl alcohol. Disease IT 
was seen in monkeys with lower doses of methyl alcohol and was characterized 
by a latent period of approximately 20 hours followed by the onset of acidosis 
and death. If acidosis was combatted by administration of base, Disease III was 
seen. This is central nervous system involvement independent of acidosis and 
specifically is manifested by severe retinal edema and optic neuritis and by 
necrosis of the basal ganglia, and sometimes late death. 

Thus, in the case of methyl alcohol poisoning one is dealing with an unsus- 
pectedly complex entity which is not in the least devoid of ophthalmoscopic 
findings and thus is really not an amblyopia at all. 

The second example is the so-called tobacco-alcohol amblyopia. To under- 
stand its creation and persistence in the face of so many logical arguments against 
it, one must appreciate the high moral note at its inception and should recall its 
companion, Burns’ amaurosis, which inexplicably fell by the wayside much 
earlier. In the light of modern work—the statistical study by Usher and the 
nutritional investigations of Carroll—it is evident that tobacco-alcohol amblyopia 
is not toxic at all but is a deficiency disease and is related to tobacco and alcohol 
only through their anorexic effect. 

The third example is that of mescaline intoxication, which by definition may 
certainly be called a toxic amblyopia. However, if we do so we lump the diseases 
due to retinal involvement, such as methyl alcohol poisoning, with those that 
affect the occipital cortex—-a piece of irrationality that has neither anatomical 
nor biochemical logic to defend it. 

For these reasons it may be that the concept of “toxic amblyopia” which 
served us well in the days of descriptive medicine is proving a logical encum- 
brance in this day of biochemical and biophysical mechanism and should be given 
an honored resting place. 
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ANNOUNCEMENTS 


National Medical Foundation for Eye Care.—The National Medical 
Foundation for Eye Care, a nonprofit scientific and educational institution, 
incorporated in New Jersey, has been organized by ophthalmologists of the 
country to provide American ophthalmology with an agency to present to 
the public generally and to fellow physicians pertinent information on the 
care and treatment of the eyes. 

Dr. Ralph O. Rychener, of Memphis, is president of the Foundation; Dr. 
Edwin Forbes Tait, of Norristown, Pa., vice-president, and Dr, Charles E. 
Jaeckle, of East Orange, N. J., secretary-treasurer. 

Members of the Board of Trustees, in addition to the above-named, are 
Drs. Alson E. Braley, lowa City; Frederick C. Cordes, San Francisco; Paul 
Chandler, Boston; J. Spencer Dryden, ‘Washington, D. C.; Harold F. Falls, 
Ann Arbor, Mich.; Everett L. Goar, Houston, Texas; Erling W. Hansen, 
Minneapolis; A. D. Ruedemann, Detroit; Barnet R. Sakler, Cincinnati, and 
Derrick Vail, Chicago. 

Applications are available through Dr. Charles E. Jaeckle, Secretary- 
treasurer, at 136 Evergreen Place, East Orange, N. J. The Foundation will 
establish an administrative office in New York City about Jan. 1, 1957, and 
will also make available an Affiliate Membership for persons other than doc- 
tors of medicine who are interested in aiding the purposes of the Foundation, 
Dr. Rychener announced. 

The object and purpose of the Foundation is to advance the public wel- 
fare by (1) gathering, receiving, assembling, and studying information relative 
to eye care; (2) fostering and/or engaging in investigations and research 
in all aspects of eye care; (3) sponsoring studies of educational, socio- 
economic, and scientific factors affecting eye care; (4) issuing reports and 
otherwise disseminating information relative to eye care to the general public 
and to members of the medical profession and ancillary workers; (5) pro- 
moting the conservation of vision and the prevention of blindness through 
the wider dissemination of knowledge of the eye—its defects, its disfunctions, 
and its other diseases and their relation to general health; (6) promoting a 
more effective utilization of the scientific knowledge of ophthalmology and 
the other related branches of medicine; (7) generally performing any act, 
related to the foregoing, designed to present to the public generally and to 
the medical profession all pertinent information on the care and treatment 
of the eyes. 


Ophthalmological Society of the United Kingdom.—The Annual Congress 
of the Ophthalmological Society of the United Kingdom will be held at the 
Royal Society of Medicine, 1 Wimpole St., London, W. 1, on April 11-13, 
1957. 

The Presidential Address will be delivered by Mr. J. J. Healy, on “The 
Intraocular Circulation in Arterio-Sclerosis and High Blood Pressure.” 

The subject for dscussion will be “Ocular Aspects of Diabetes.” This will 
be opened by Prof. G. 1. Scott, Dr. Norman Ashton, and Dr. J. D. N. Nabarro. 
Members who wish to take part in the subsequent discussion are advised to 
intimate their intention before the opening of the Congress. It is emphasized 
that no member may speak for more than ten minutes. 

There will also be a short symposium on “Congenital Cataract.” 

On this occasion the Bowman Lecture will be delivered by Sir Stewart 
Duke-Elder, his subject being “The Aetiology of Glaucoma.” 
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Members wishing to read a short paper or to give a short pictorial demon- 
stration are asked to send the title, together with an abstract, to Mr. J. R. 
Hudson, not later than Nov. 30, 1956. Those wishing to show films should 
also communicate with Mr. Hudson by the same date. 

The annual dinner will be held at the Trocadero Restaurant on Thursday, 
April 11. Members may bring guests. A Trade Exhibition will be held in 
the Cowdray Hall (next door to the Royal Society of Medicine). 

On account of the difficulty in obtaining hotel accommodations in London, 
all members who will require it are advised to make their arrangements in 
good time. 


Association for Research in Ophthalmology.—The annual meeting of the 
Western Division of the Association for Research in Ophthalmology will 
be held at Stanford University Medical School, 2340 Clay St., San Fran- 
cisco, on Monday, Jan. 28, and Tuesday, Jan. 29, 1957. 


National Committee for Research in Ophthalmology and Blindness.—A 
National Committee for Research in Ophthalmology and Blindness was re- 
cently formed by representatives from the four national ophthalmic societies. 
Members of the committee are Bernard Becker, Washington University, and 
A. Edward Maumenee, Johns Hopkins University, representing the American 
Academy of Ophthalmology and Otolaryngology; Michael J. Hogan, of the 
University of California, and Albert D. Ruedemann Sr., Wayne University, 
representing the American Medical Association, Section on Ophthalmology ; 
Alson E. Braley, University of Iowa, and David G. Cogan, Harvard* Uni- 
versity, representing the American Ophthalmological Society; and Irving H. 
Leopold, University of Pennsylvania, and Frank W. Newell, University of 
Chicago, representing the Association for Research in Ophthalmology. 

The committee plans to stimulate increased interest in ophthalmic re- 
search and to ‘cooperate with and act as an advisory group to all persons and 
agencies interested in blindness, the prevention of blindness, vision, and re- 
search in the basic disciplines of ophthalmology. 


Annual Clinical Conference of Wills Eye Hospital.—The Ninth Annual 
Clinical Conference of the Staff and Society of Ex-Residents of Wills Eye 
Hospital will be held at the hospital on Feb. 8 and 9, 1957. The Conference 
this year will be of especial interest, since it will be an important feature in 
commemorating the 125th anniversary of the founding of the hospital. 

The Bedell Lecture will be delivered by Dr. John M. McLean, of New 
York, on the subject of “Management of the Primary Glaucomas.” 

The program will also include scientific papers by members of the staff 
and ex-residents of the hospital, technical exhibits, and a color television 
program sponsored by Smith, Kline & French Laboratories which will present 
ocular surgery, case presentations, and demonstrations of procedures and 
techniques. 

On Friday evening, Feb. 8, there will be an informal reception and supper 
for the ophthalmologists and their wives. On completion of the two-day pro- 
gram, the Wills Eye Hospital Society will hold its annual meeting and dinner 
at the Union League, Philadelphia, on Saturday, Feb. 9, 1957, at 6:30 p.m. 

Prior to the conference there also will be a meeting, preceded by dinner, 
of the Ophthalmological Section of the College of Physicians in Philadelphia, 
on Thursday evening, Feb. 7, 1957, at which Dr. James H. Allen, of New 
Orleans, will be the guest speaker. All ophthalmologists are invited. 


Pan-American Association of Ophthalmology..-The Pan-American As- 
sociation of Ophthalmology has selected Caracas, Venezuela, as the meeting 
place for the Sixth Pan-American Congress, Jan. 31 through Feb. 7, 1960. 
Secretary General is Dr. R. Hernandez Miliani; President, Dr. Jesus Rhode, 
Caracas. 
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Cataract Surgery—Its Evolution and Practice. By Nabin Kishore Bidyadhar. 
Price, not given. Pp. 324, with 33 illustrations. Srimati Rameshanandini 
Devi, Sonpur Raj, Orissa, India, 1955. 

,ooks on cataract surgery are always of interest to the ophthalmologist. 
This book by the eminent Indian ophthalmologist describes the evolution of 
cataract surgery from the earliest recorded times to the present. He divides 
it into three sections: The first period is dominated by the ancient Hindu 
Master of surgery, Susruta, who practiced the couching method of cataract 
operation several thousand years before Christ. It is interesting to note that 
some of the pre- and postoperative treatments of Susruta still influence our 
present views on the handling of cataract patients. The second period starts 
in 1748 A. D., with the eminent French ophthalmic surgeon, Daviel, who 
popularized the extracapsular method of cataract extraction. The third 
period includes the modern times and features mainly the intracapsular 
method of cataract extraction as described by the leading ophthalmologists 
of the twentieth century. 

The author then continues the second half of the book with a detailed 
description of the intracapsular cataract extraction; he mentions the pre- and 
postoperative care—the anesthesia, the surgical techniques, and the handling 
of the commonly encountered complications. He concludes the book with 
the treatment of congenital and juvenile cataracts and the various types of 
complicated cataracts. For this reviewer, however, the main interest of the 
book lies in its historical aspects, particularly the chapters concerning the 
ancient Hindu Master, Susruta. 
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...In Ophthalmic Medication 
A PRECEDENT - SETTING INNOVATION 
...the DROP-TAINER STERI-UNIT™ 


Single Dose Disposable 
Unit with Sterile 
Outer Surfaces 


STERILE + READY FOR USE 


rset | Unsurpassed In Safety and Convenience 


Pending 


*Trade 
Mark 


: Drop-Tainer® Steri-Units* may be stored 
Sterile Aq Soluti 1 under ordinary conditions and handled 
pH and tonicity adjusted freely prior to opening the outer viel without 


danger of contaminating the sterile surface of 
preservatives added the enclosed Drop-Tainer®. 


Atropine Sulfate 1% The cellulose band and vial closure are 


removed together by pulling with a slight 
Atropine Sulfate 0.5% twist. Care should be exercised so that the 


fingers do not brush across the open mouth 
Eserine Salicylate 0.5% of the vial. The Drop-Tainer® may then be 
allowed to fall upon the sterile instrument 
Fluorescein Sod. 2% tray by inverting the vial. 


Homatropine HBr 5% 
Pilocarpine HCI 2% 


3 The entire outer surface of the Drop- 
Tainer®, as well as its content, is sterile 
and thus may be safely handied by the 


surgeon. The cap of the Drop-Tainer® is 
Sulfacetamide Sod. 15% quickly and easily unscrewed—and the specially 


lus 
P u 4 preseure on the sides of the Drop. 
ainer® will empty its contents in uniform 

Sterile Saline (15¢c) drops; or, rapid squeezing will produce « 
stream which is sometimes desirable. The 
solution is preserved and the Drop-Tainer® 


cap may be repleced for post-operative use 
In Boxes of Ten of any remaining content. 
Economically Priced 


Now Available From Your Service Wholesale Druggist 


For Further Information, Write: Orosr 


laboratories, inc. p.o. box 1959 fort worth, texas 
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IMPROVED 
BONE SAW 


for the 
OPHTHALMOLOGIST 


. . . is an indispensable aid in performing dacryocystorhinostomies and the Kronlein 
operation. This efficient bone saw combines these latest refinements developed to 
best implement the surgeon's skill: 


LIGHT WEIGHT MANEUVERABLE 
FEATURES of the CONVENIENT TO HOLD © ACCURATE 
STRYKER VERSATILE TIME SAVING 


BONE SAW SAFETY—will not cut or injure the nasal mucus mem- 
brane or other adjacent soft tissue. 


— 


illustrating use of the 
iff Trephine for dacry- 
ocystorhinostomies. 


IIlustrating use of the 
small sectioned blade in 
cutting a bony flap in 
the lateral orbital wall. 


ORTHOPEDIC FRAME COMPANY 
420 ALCOTT AVENUE PRICE: Ophthalmologist Unit Group 
KALAMAZOO, MICHIGAN No. 4 includes 3 blades and 2 tre- 


0 Send me the Ophthalmologist Bone Saw on approval. 
( Send me a brochure and reprint by Charles E. Iliff, M.D. 


Addre 


Kelamesce Michiges 


City Distributed in Conede by: Fisher & Burpee, Lid., Winnipeg 
Exclusive Agent for Export: Schuler & Co., 75 Cliff M. ¥. 
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ORTHOPEDIC FRAME 


THE STYLIST 
AN EYEWEAR SCENE STEALER whenever and wherever 
it's worn. The STYLIST doesn’t blare out to detract from facial 
character and beauty. Quietly its 1/10 12K engraved 
simplicity takes over the show. One look and you know it is quality. 


(Fortinertal 


'NDIANAPOLIS 
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Eyes Made To Order 


Walter Melcher is applying color on 
an artificial eye. He needs the skill of 
an expert glass blower plus the color- 
ing technique of an artist to match 
eyes of all shapes and colorings. For- 
tunately, Walter is heir to 105 years’ 
experience. Our skilled glass and 
plastic eyemakers have passed along 
and perfected their technics since 
1851, These men visit most areas reg- 
ularly to make artificial eyes that are 
perfectly matched for your patients— 
another reason to call or write our 
nearest office on your next replace- 
ment. 


Made te order 
@ Selections from stock 


Glass same day order received 


@ Damaged or broken eyes 
Artificial Eye 
Service 


motility implants 
implants, 
X-Ray therapy shields, 
foreign body locators 
© Superior Quality — 
Finest Workmanship 


Mager and Gougelman ine. 


Serving the Profession Since 1851 


Michigan Ave. ; 510 Madison Ave. 
Chicago 2, Illinois New York 22, N. Y. 


CLEVELAND DETROIT KANSAS CITY 
MINNEAPOLIS Lous 
BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 


Night Driving Demands 


OPHTHALMIC LENS COATING 
“There IS a Difference” 


Reflections from eye-glass surfaces are most distracting 
while driving at night. Light reflected between the front 
and back lens surfaces and between the cornea and lens 
surfaces intensifies the glare of oncoming headlights, reduc- 
ing the driver's visual discrimination. For easier, safer 
night driving, always preseribe Lestra-Lite. 


Origin of Ghost Images in a Myopic Eye 


Actual Image 


FAST LESTRA-LITE 


Lenses processed and re- 


turned postpaid same day 
SERVICE as received. 
Write for half-coated Lestra-Lite Sample and 
Literature 


PACIFIC UNIVERSAL PRODUCTS CORPORATION 


158 Vista Avenue © Pasadena 8, California 
130 Bush Street ° San Francisco 4, California 


THE WASHINGTON UNIVERSITY 
SCHOOL OF MEDICINE 
DEPARTMENT OF OPHTHALMOLOGY 


announces its 


Thirty-Seventh Annual 
8-Month Course In The Basic 
Sciences Of Ophthalmology 

beginning 

September 16, 1957 
|-Week Intensive Course In 


Pathology Of The Eye 
And Adnexa 


September 30-October 5, 1957 
Both courses are limited 


A Limited Number of Scholarships are Available 


For more detailed information write to: 


Department of Ophthalmology 
Washington University School of Medicine 
St. Louis 10, Missouri 
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Lens 
| Reduction of reflection at these surfaces... effectively subdues 
ghost images on retina 


PROCHELATE 


0.37% and 1.85% Solution 


ISO-SOL BRAND OF STERILE 
EDATHAMIL DISODIUM SOLUTION 


Neutral Disodium Ethylenediaminetetraacetate Solution 
(Disodium Salt of E. D. T. A.) 


Really 


For removing calcific corneal 


opacities by chelation 


LIME BURNS 
PLASTER 
CEMENT 


Stevite 

H 

? 


LIME = Slaked or Powdered 


BAND KERATITIS 


Available in sterile 100 cc vials Write for literature 


THE ISO-SOL CO., INC., BROOKLYN 17, N. Y. 
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PILOCARPINE HCI. 
Solutions 
4%—1%—2%—4% 


OFFER COMFORT AND CONTINUITY OF THERAPY 
IN THE TREATMENT OF THE Glaucoma 


—UNDESIRABLE SIDE EFFECTS VIRTUALLY ELIMINATED— 
RAPID PROLONGED ACTION 


Quy? Sterile Pilocarpine HCI. Solutions are prepared according 
© to the Formulae developed by Robert R. Feinstein 
Research Associates 


Prescribe in original |5cc. Dropper Sealed Bottles obtainable promptly 
through Prescription Pharmacies everywhere 


OPHTHALMOS, INC. UNION CITY, N. J. 
Distributed in Canada by Professional Sales Corp. ° 5333 Queen Mary Road, Montreal 29, Quebec 


The test of time proves that the 
“LACRILENS”® contact lens can be worn 
for long periods of time in aphakia and in all 
sports, including swimming. Write For Brochure 


Manufacturers of all types of Contact Lenses 
Branches in 
PHILADELPHIA +» MONTREAL « JOHANNESBURG 
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THE 
SYNOPTISCOPE 


by 
CURRY & PAXTON 


INCORPORATED 
866 WILLIS AVENUE, ALBERTSON 
LONG ISLAND, N, Y. 


Telephone: PIONEER 6-0254 
Showrooms Service and Assembly Plant 


Manufacturers’ Representatives in the U.S.A 


gistered Office: 230 Park Avenue New York 17, N. Y. 


Telephone Lexington 2-7842 


DISTRIBUTORS: Chicago: House of Vision Los Angeles: Spratt Optical Superior Optical 


Incorporating the most advanced mech- 

anical features to provide the maximum range 

of independent and co-ordinated movements, 

The Synoptiscope was the original instrument 

designed for carrying out precision movements for 
Orthoptic training. 


MAIN FEATURES 

1 New wide field eye pieces and larger mirrors, brighter 
iNumination with high intensity gas filled bulbs. 2. Accurate 
measurement of horizontal ductions, vertical ductions and cyclo 
ductions under the stimulus of Stereoscopic vision or otherwise, 
3. Precise, controlled and unrestricted exercise of the ex- 
ternal ocular motor muscles, (This function is of especial value where 
the correcting lenses are not readily accepted by the patiem, or where it 
1s required to build up a duction reserve). 4. Relaxation exercises, 
s- Treatment of squint, including: development of simultan- 
eous macular preception ; development of fusion; development 
of stereoscopic vision and fusional reserve; co-ordination of 
hand and eye ; co-ordinating eye movements, 


SUPPLEMENTARY FEATURE 
Streak slides for the Bielschowsky after image test. 


Other Ophthalmic Invueruments manufactured by 
Curry & Paxton of England include : 


SLIT LAMPS * OPHTHALMOSCOPES + THE FOVEOSCOPE + STREAK 

RETINOSCOPES * MADDOX WING TEST * MADDOX HAND FRAME 

DIPLOSCOPE + CHEIROSCOPE * TRIAL FRAMES * TRIAL CASES 
ORTHOPTIC APPARATUS 


San Francisco: Parsons Laboratories Pittsburgh: Doig Optical 
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Instruments of ophthalmology: The Goldmann Slit Lamp 


Special Mounting 
Of Goldmann Slit Lamp 
Saves Space and Time 


Now the famous Goldmann Slit Lamp becomes 
even more convenient with Parsons’ spring-balanced 
heavy duty mounting. This mounting swings the 
slit lamp before the patient instantly, without 
wheeling or turning knobs to adjust height. Other 
units, such as a refractor may be mounted on the 
same base and swung into position as the slit 
lamp is turned away. The Goldmann Slit Lamp 
is known for its outstanding design and performance. 
Write for prices of the Goldmann Slit Lamp, acces- 
sories, and Parsons’ swing mounting units. 


Write: Dept. 6, 518 Powell St. 


San Francisco, California 


GILL MEMORIAL EYE, EAR, 
wnt AND THROAT HOSPITAL 
Announces to the Profession 
THIRTIETH ANNUAL 
SPRING CONGRESS 


OPHTHALMOLOGY AND OTOLARYNGOLOGY 
April 1st, to April 6th, 1957 


GUEST SPEAKERS 


Seymour Alpert, M.D. Washington, D. C. 
Edward A. Carr, Jr., M.D. Ann Arbor, Mich. 
James H. Doggart, M.D. London, England 
Harold F. Falls, M.D. Ann Arbor, Mich. 
if You Wear Glasses and Drive at Night Frederick A. Figi, M.D., F.A.C.S. Rochester, Minn. 
Samuel Fomon, M.D. New York, N. Y. 
Notice how reflections from electric signs, street Dan M. Gordon, M.D., F.A.C.S. New York, N. Y. 
and on the of your M.D., F.A.C.S. Erie, Pa. 
e very annoying? These are t aynard Hine, M.D. Indianapolis, ind. 
= Howard P. House, M.D., F.A.C.S. Los Angeles, Calif. 
MAY-O-LITE, a hard, durable, thin film of Mag- Jay G. Linn, Jr., M.D., F.A.C.S. Pittsburgh, Pa. 
nesium Fluoride, helps make night driving easier. Frank W. Newell, M.D., F.A.C.S. Chicago, Ill. 
Hugh L. Ormsby, M.D. Toronto, Caneda 
Harry L. Rogers, M.D., F.A.C.S. Philadeiphia, Pa. 
Albert D, Ruedemann, M.D., F.A.C.S. Detroit, Mich. 


The Best in Sight Frank 8. Walsh, M.D. Baltimore, Md. 
M AY-0O-LITE Barnes Woodhall, M.D., F.A.C.S. Durham, N. C. 


Low Reflection Coating For Further Information Write: 


Complete Your Professional Service By Adding 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. Superintendent, P. O. Box 1789 Roanoke, Va. 
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URGENT REQUEST 


The Uveitis Laboratory, University of California 
School of Medicine, San Francisco, is interested to 
obtain freshly enucleated eyes from patients with 
all types of uveitis and other endogenous inflamma- 
tions. Attempts are being made to isolate etiologic 
agents from these eyes. 


The eyes should not be fixed in preservatives or 
frozen, but placed in a sterile bottle, packaged, and 
shipped as quickly as possible. Please send speci- 
mens air express, special delivery, collect. Enclose 
history and findings and mark the package “Fresh 
Tissue Specimen—Rush.” 


A report of isolations of organisms and pathologic 
findings, including a slide, will be sent to the con- 
tributor. Credit will be given in any resulting pub- 
lications if desired. 


Telegraph collect if specimen being sent. 
Send eyes to 


Samuel Kimura, M.D., Michael J. Hogan, M.D., or 
Phillips Thygeson, M.D. 


University of California School of Medicine 
San Francisco 22 


Here are several booklets on mental hygiene 
that may prove of interest and use to you 
and your patients, 


EMOTIONAL HEALTH IN WORK AND PLAY 
T. R. Retlaw, 8 pages, 15 cents 


HYPNOTISM—HUMBUG OR HEALING 
James A. Brussel, 6 pages, 10 cents 


YOUR STAKE IN MENTAL HEALTH 
George S. Stevenson, 4 pages, 10 cents 


THE PSYCHIATRIST Edward Dengrove 
and Doris Kulman, 6 pages, 10 cents 


BOOKLETS ON 
MENTAL HYGIENE 


Keep a supply of these booklets on hand. 
Available at lower cost for quantity pur- 
chases, 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street © Chicago 10 e@ 


Illinois 


A foremost specialist says: 


“This tells me 
what the strabismic 


“Now I can tell, right at the 
start, whether there’s a good 
chance to handle the case success- 
fully by orthoptics. 


“I begin by finding immediately 
the stage at which the strabismic is 
operating visually. 


“The strabismic hasn’t had a fair 
chance in the past— he has been 
diagnosed on equipment limited to 
a 20° field. 


“But many strabismics who lack 
macular fusion will show third de- 
gree fusion at 30° to 40° or beyond 
— nearly all strabismics with nor- 
mal correspondence have third de- 
gree fusion. With Keystone Color- 
depth Equipment I can probe for 
fusion as far as 60° peripherally.” 


The Diagnostic Unit may be 
bought separately if desired. The 
complete Training Unit also con- 
tains the Diagnostic Techniques, so 
you should examine both. 

KEYSTONE VIEW CO., MEADVILLE, PA. % 


: ( ) Please send new Bulletin showing 
‘ how Strabismus is diagnosed and 
; treated with Keystone Colordepth 
Techniques. 

y ( ) Write or phone me to arrange for 
/ demonstration in my office. 


(Address) 
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SURGICAL INSTRUMENTS CO., INC., 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 


LONDON ESTABLISHED 1875 PARIS 


SCHIOTZ 
ONOMETER 


IN STAINLESS STEEL 


This instrument is made in strict accord- 
ance with the revised specifications 
adopted on March 8, 1952, by the Com- 
mittee on Standardization of Tonometers 
of the American Academy of Ophthal- 
mology and Otolaryngology, and is sup- 
plied in a dust-proof case which has 
separate recesses for the Instrument, 
Test Block, Weights, and Plunger. 

As made in our own laboratories it pre- 
serves all of its original effectiveness for 
determining ocular tension with a new 


margin of accuracy, sturdiness, ease of handling and beauty of finish that 1s characteristic of instruments 


made by Meyrowitz, 


It has been found satisfactory by many Ophthalmologists and meets all the specifications of the 


A.A.0.0. Tonometry Committee. 


Approved by the Electrical Testing Laboratories, it leaves nothing to be desired from the standpoint 


of accuracy. 


In case, with certification, each $55.00 


WHEN YOUR DIAGNOSIS INDICATES 


ORTHOPTICS 


CONSIDER OUR 
SALES RECORD OF 
OVER 11,000 SETS 

OF 


DVORINE 
ANIMATED 


FUSION 
CHARTS 


A complete set of fusion charts in full color fo 
office and home training, Base-in and Base-out. 


OUTSTANDING FEATURES 
@ Animation @ Nine Groups of 
® Gay Colors arts 
Duo-Chrome Vertical Fusion 
Spectacles and Device 
Drawing Outfit Tracing Sheets 


ALL IN Available on pre- 
ONE SET scription at your 
Ophthalmic Dispens- 
er, American Opti- 
$12.00 cal Co., and other 
optical supply 
houses. 


with directions 


Less 5% if check ac- 
companies your order 


Dept. A-——2328 Eutaw Place 


SCIENTIFIC PUBLISHING CO. 


Baltimore 17, Maryland 


POSTGRADUATE 
CONFERENCE IN OPHTHALMOLOGY 
UNIVERSITY OF MICHIGAN MEDICAL SCHOOL 


The Department of Postgraduate Medicine of 
the University of Michigan Medical School an- 
nounces the annual conference in Ophthalmology 
for qualified physicians, April 22, 23 and 24, 1957, 
to be given at the Horace H. Rackham Graduate 
School Building, Ann Arbor, Michigan, under the 
direction of the Department of Ophthalmology. 


GUEST LECTURERS 


Dr. Arthur Jampolsky, San Franci California; 
Dr. John Clement McCulloch, Toronto, Ontario; 
Dr. Frank W. Newell, Chicago, Illinois; Dr. Theo- 
dore F. Schlaegel, Jr., Indianapolis, Indiana; Dr. 
Lorenz E. Zimmerman, Washington, D. C. 


MEMBERS OF STAFF 


Dr. F. Bruce Fralick, Dr. Harold F. Falls, Dr. 
John W. Henderson, Dr. John W. Smillie, and Dr. 
J. Reimer Wolter. 


Complete program ond details will be mailed upon 
request. 


John M. Sheldon, M.D., Director 
Department of Postgraduate Medicine 
Room 1610 University Hospital 

Ann Arbor, Michigan 
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offering comfortable vision 


designed to minimize 
marginal astigmatism at both far and near 


SPICES 


over the entire visual range 
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28 
DISTANT 
OBJECT 

12 

25 
+ 4.00 LENS 


TOP LINE: Indicates that lens corrected perfect- 
_ ly at distance has 0.25 astigmatic error at near. 
BOTTOM LINE: Shows that a fens corrected perfect- 
~ Jy at near has 0.37 error at distance. 

CENTER LINE: iflustrates how Titmus “Normalsite” 
minimizes error at both near and far with even less” 


The Normalsite Single Vision Lens 
functions like the “normal” eye, 
producing marginal images of 
equal sharpness for both near and 
distant objects. 


() 
OPTICAL COMPANY, INC. 


PETERSBURG, VIRGINIA 


MANUFACTURERS OF OPHTHALMIC LENSES .PRANIES...SUN GLASSES 


COFFEE 
TEA FRUIT 


NORMALSITE 


New Near Chart 


GUIBOR Symbol Near Chart now available 
in durable and soilproof plastic. Gives dis- 
NEARPOINT “E” CHART tance equivalents, as well as quantitative 
e measurements for near vision. E Symbol 
understood by all. 


Place your order now, 


91.5% $3.25 


TO BE HELD FOURTEEN INCHES FROM THE EVE 


OPHTHALMIC 


OPTICIANS 


DISPENSING SERVICE | WHOLESALE SERVICE 


Main Office: Branch Office: 


111 N. Wabash Ave., at Wash. 1139 Central Ave., Wilmette, Ill. 
Chicago, Illinois 


Services to the Ophthalmologist 


In the past four or five years tremendous strides have been made 
in the field of contact lenses. 

The use of contact lenses for monocular aphakic cases alone 
would justify the study and fitting of contact lenses, not to men- 
tion the need of binocular aphakic cases, - 

To employ contact lenses as a diagnostic instrument is an aid. 
Keratoconus and irregular cornea cases can be often helped by 
the proper utilization of contact lenses. 

Other uses of fitting contact lenses include: cases of distorted 

i and discolored eyes (with cosmetic contact lenses); special ac- 
ie tivities, such as sports, in which normal spectacle lenses would 
ze be a handicap and dangerous; various subnormal vision cases .. . 
Write us for contact lenses can be used as the objective in the optical com- 
descriptive literature bination to create magnification. 
é tntientanel eis The use of contact lenses for cosmetic purposes cannot be over- 
and mstructional materia looked. There are many other applications for fitting contact 
on the fitting of lenses. 
Wesley-Jessen contact lenses 
A knowledge of the various contact lenses should 
be a part of every ophthalmologist’s practice. 


THE PLASTIC CONTACT LENS COMPANY 2 nunor 


20% ths B or 
” 1.1% 02 

“ 
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GOOD NEWS for the 
sub-normal visioned. 


gard ASPHERICAL 


HYPEROCULAR SPECTACLE MAGNIFIERS 


1-GARD Plastic Hyperoculars, new high-powered lenticular lenses worn monocularly 


in a spectacle frame, offer your handicapped patients these 5 important advantages 
not obtainable in other types of magnifiers. 


CLEARER VISION. Aspherical curvatures, not avail- 


i > able in glass (spherical) magnifiers, permit larger magnifi- 
af? ao P to ase cation with minimum sacrifice of field and nition, See 
Merrill pr» Meni procees) WORKING DISTANCE. The prob- 
of ener, lem of critical reading distance is solved by adjustable 
tced and estabionys troduced and established | distancing posts against which reading matter is held. When 
fe J not in use, the posts fold back. 
in 7 
of IMPROVED APPEARANCE. The apertures of the 4x, 
ta Gia” 6x and 8x lenses are 40, 36 and 34 mm. respectively. The 
— . lenses can be glazed to cosmetic size. 
BEST GLASS 8x 1-GARD 
ox MAGNIFIER NYPEROCULAR EXTREME LIGHT WEIGHT. The 8x lens weighs less 


than % oz. (8 grams) ! 


PRICELESS PROTECTION — due to the high resist- 
ance to impact of I-Gard plastic. 


ORDER TESTING SET NOW 


Testing Set 


The I-Gard Hyperocular Test- 


ing Set contains (a) three 

For booklet and name of I-Gard Hyperocular lenses 

nearest I-Gard Distributor, write glazed to 40 mm. trial rims to 
Dept. E 


permit maximum field. 
(b) a specially designed 
single celled trial 
frame with adjustable 
distancing posts, (c) 
an occluding disc. 
Complete with case, 


McLEOD OPTICAL CO., INC. 
357 Westminster Street 
Providence 1, R. I. 
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THE M-1 
STRONTIUM-90 
APPLICATOR 


For treatment of superficial corneal diseases 
by beta radiation 


Our booklet, “Radiation Therapy Sources,” offers 
valuable data on beta radiation treatment which will 
be of interest to you. It includes clinical data, indi- 
cations for treatment by irradiation, suggested dosage 
table, U. S$. Atomic Energy Commission regulations, 
and a description of our improved M-! Applicator. 


Write for it today. It is yours 
free of charge or obligation. 


a CO. 


330 South Honore Street 
Chicago 12, lilinois 


DALLAS * HOUSTON # LOS ANGELES ¢ ROCHESTER, MINN. 


an answer to LOW 


VISUAL 
\ ACUITY 


TELESCOPIC SPECTACLES 


Experience has shown that Spectel Telescopic 
Spectacles effect substantial improvement in 
many cases of low visual acuity. Available in 
two powers, Spectels provide retinal image 
magnification of 1.7 and 2.2 diameters. 


Prescribing Spectel Telescopic Spectacles is pri- 
marily an extension of regular refracting routine. 
Trial sets are simple to use and moderate in price. 


Full details in Bulletin 302 available from your 
supply house or direct from us. 


KOLLMO wr 


CORPORATION 
NORTHAMPTON, / MASSACHUSETTS 


Distributed in Canada by imperial Optical Company 
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Storz Instruments 
are available 
from Storz Sales- 
men only. We 
do not distribute 
under any other 
name or trade- 
mark. 


Hertel Exophthalmometer 
PRISMATIC 


E-5980 Exophthalmometer, Hertel: prismatic, facilitates measuring 
accurately and rapidly without assistance the degree of exophthal- 
mos. Use of etched prisms results in a permanent instrument not 
subject to mirror deterioration found in reflecting types _.. $64.50 


Ocular Coagulator 


E-915 Cautery, Ocular, Hildreth: new model for medium ''C" size 
photo flash battery complete with battery and two electrodes. Suf- 
ficient heat for most ocular surgical requirements yet delicate enough 
for careful application in glaucoma and cataract surgery to over- 
come troublesome oozing. A self-contained cautery, small, compact, 
easy to handle. Eliminates troublesome cords and transformers and 
the danger of open flame. Heats instantly. Duration medium ''C"' 
size photo flash battery is sufficient for normal use in several opera- 
tions. Ref. Am. Ophthalmology, May 1951, Page 750. $17.50 
E-922 Electrode, Ocular, Cautery: round, for No. E-915 ....$2.50 
E-924 Electrode, Ocular, Cautery: pointed, for No. E-915 .. .$2.50 


The 1957 Supplement to our Eye Instrument Cataloque 
has just been issued with listings of new developments. 
Sent upon request. 


Storg Inshument Company 


4570 Audubon Avenue Saint Louis 10, Missouri 
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Specialists in ALL TYPES of Plastic and Glass 
Artificial Human Eyes Exclusively 


MADE TO ORDER IN OUR OWN LABORATORY 
Doctors are invited to visit 


PREFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED 


EYES ALSO FITTED FROM STOCK 


Plastic or Glass Selections Sent on Memorandum upon Request 
Implants and Plastic Conformers in Stock 


FRIED ano KOHLER, INC. 


665 FIFTH AVENUE NEW YORK, N. Y. 
near 53rd St. Tel. ELdorado 5-1970 


if 


Top-Grade Technical Performance 


. @ Safeguard for Your Professional Skills and 
Judgment. 


! As {Your prescriptions, conceived from your rich fund 
QUALITY SERVICE of scientific knowledge laboriously developed 


through years of study, training and experience, 
Technical skills : are at the mercy of the dispensers who inter- 
‘services that will pret them. They will be safe in the hands of 
never let you down Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 3! years 
of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 
W. £. DOW, Pres. 


4 | 
| 

| Chicago, Ill. 
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This second case history involving the use 
of CATAREX T temporary cataract bifocal 
lenses demonstrates that CATAREX T can 
be prescribed for and worn to advantage by the 
j/ patient as early as ten days after cataract surgery. 


This advantage is, of course, immeasurably 
valuable in cases where the patient, by virtue 
of financial circumstances, must be back on the 
job as soon as possible, 


Catarex Service, when used in 
conjunction with CATAREX D permanent 


bifocals, to be useful i 
HISTORY " practice... why not check with your 


laboratory or optician? 
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Manufacturers of a complete line of quality multifocals 


The patient, a female 68 years focal Was received This pian was 
first see" on yanualy 8, 1953, followed on all gunsequent changes: 
right 
nosis © right senile cataract wa 
\eft eye was paintul and +11. 90089? RY 
\ater, aicono! injection ab 
ciliary ganglion relieved the patient of pall 
and enavied ner tO retain the ey® which was 
most desit able. 990% 950 
on May 18 1954, 4 right intracapsular \ens Ri 2900)". 
nt; ths in GATAR 
extraction was performed without complica 
tion. The post-operative course ynevent- nent pitocal: Left: lens palance: 
and the patient was aiscnar ee? ¢rom the 4-25-56: sixteen months after securing the 
jospital on May While the patient was perma CATARES bifoca the 
still in the nospital, a 440,000 temporary ight yision with this = 
ont e patien first ice vist on May 
with this iens, the right vision = 70/50: This patient, who secured ner first CAT AREA 
(remporary style) jens ven days alter cat 
69-54: manifest 0.0. * 0008p" aract surge’ and nad three gitterent 
50009". ar 10 20 | 30—- Re changes» secured her first and only perma 
Right: this CATAREX T (rempe nent vens four months after 
rary style) straightt9F pitocal surgery To date, she Nas ‘not nad nave 
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was allowed to retain the 
\ens yntil the new CATAR bi CAT AREX T. 
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